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(54) LIQUID CRYSTAL DISPLAY ELEMENT, OPTICALLY ANISOTROPIC FILM, AND METHODS FOR 
MANUFACTURING THEM 



(57) A liquid crystal display element having pretilt 
angles and anchoring energies with respect to liquid 
crystal molecules that differ between a pair of opposed 
substrates, a liquid crystal display element having pretilt 
angles and anchoring energies with respect to liquid 
crystal molecules that vary at a same substrate, and an 
optically anisotropic film having a plurality of optically 
different regions is provided. Thus, a liquid crystal dis- 
play element that has improved display characteristics, 
response, and the like can be obtained. Methods of pro- 
ducing such liquid crystal display elements and such an 
optically anisotropic film are provided. The production 
methods are simply carried out utilizing the irradiation 
of polarized light. Thus, the present invention is of great 
value to industry. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a liquid crystal display element and a method of producing the same and to 
an optically anisotropic film and a method of producing the same, the aforesaid for a liquid crystal display panel used 
in a flat panel display that displays, for example, TV or computer images. 

BACKGROUND ART 

w 

[0002] Among conventional liquid crystal display elements, a twisted nematic (TN) mode liquid crystal display element 
(LCD) that uses a liquid crystal having a positive dielectric anisotropy, for example, has been put into practical use. 
This TN mode LCD is driven by applying an electric field in a direction perpendicular to the substrate surfaces to change 
the orientation of the liquid crystal molecules such that their long axes are parallel to the direction of the electric field. 

15 [0003] In recent years, along with improvement in definition, progress has been made in reducing the size of pixels. 
However, with reduction in the size of pixels, the influence of a transverse electric field generated during voltage ap- 
plication between bus lines (electrode wiring) in the vicinity of the edges of the pixel electrodes has become a problem. 
In a conventional LCD, while it is common, for preventing coloration, to orient the liquid crystal molecules at a low pretilt 
angle using a common orientation film, this makes pixels susceptible to the influence of a transverse electric field from 

20 adjacent pixels, thereby inviting alignment defects such as reverse tilt. Alignment defects are particularly noticeable in 
the perimeter portions of pixel regions, and these alignment defects bring about disclination at the boundaries between 
the perimeter portions and regions otherthan the perimeter portions. Thus, in a conventional TN mode LCD, the problem 
of degradation in display characteristics, such as a decrease in contrast and the like, results. 

[0004] In order to prevent reverse tilt caused by the transverse electric field from other pixels, the polar anchoring 
25 energy of ail regions of the pixels has been increased. However, the influence of the transverse electric field in pixel 
regions other than the perimeter portions is small, and when the polar anchoring energy is large in these regions, 
coloration arises. 

[0005] Transverse electric field-driven liquid crystal display elements provided with counter electrodes on a substrate 
surface have also been developed. 

30 [0006] For example, in order to obtain a wide-viewing angle, in-plane switching (IPS) mode LCDs, which switch the 
liquid crystal molecules in a direction within the plane of the substrates by applying a so-called transverse electric field 
in a direction parallel to the substrate surfaces, have been developed. In the area above the electrodes in IPS mode 
LCDs, a transverse electric field is not generated, but rather an electric field is generated in a direction perpendicular 
to the substrate surfaces. For this reason, the alignment state of liquid crystal above the electrodes cannot be changed. 

35 When an electric field is applied in an IPS mode LCD, the liquid crystal layer comes to have both a region in which 
molecules transition to a new alignment state and a region in which molecules remain in the initial orientation state. 
As a result, at least in the vicinity of the boundaries between the regions, continuity in the alignment state of the liquid 
crystal is not maintained and this factors into deterioration in response. Thus, IPS mode LCDs are disadvantageous 
in that response speed is even slower than that of conventional vertical electric field mode LCDs. 

40 [0007] In addition, in IPS mode LCDs, orientation films having the same anchoring energy are provided on opposing 
substrates, in such an LCD, liquid crystal molecules above the substrate having electrodes on its surface rotate to at 
most approximately 90° when driving is ON. On the other hand, liquid crystal molecules above the substrate without 
electrodes on its surface hardly rotate. Thus, sticking (phenomenon wherein liquid crystal molecules to not return to 
the initial orientation state when driving is switched from ON to OFF) occurs, resulting in degradation in the visual 

45 characteristics of the liquid crystal display element. 

[0008] As is described above, liquid crystal display elements operated in twisted nematic (TN) mode, which use a 
liquid crystal having a positive dielectric anisotropy, those operated in IPS mode, which have a very wide viewing angle 
and whose the liquid crystal molecules are driven within a plane using transverse electric field, and the like have been 
put into practical use. 

so [0009] In contrast to these, a bend alignment-type liquid crystal display element has been proposed which utilizes 
a change in refractive index caused by the change in the rise angle of each liquid crystal molecule in a state wherein 
the liquid crystal molecules between the substrates show a bend alignment (OCB mode liquid crystal display element). 
In comparison to the speed of the change in alignment between an ON state and an OFF state in a TN liquid crystal 
display element, the speed of change in alignment of each of liquid crystal molecu les showing a bend alignment between 

55 an ON state and an OFF state is very high speed, making it possible to obtain a liquid crystal display element that is 
excellent in terms of response. The bend alignment-type liquid crystal display element described above is self-com- 
pensating in terms of optical retardation because all of the liquid crystal molecules between the upper and lower sub- 
strates show bend alignment, and the display element enables a wide viewing angle at low-voltage operation by the 
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provision of a film retardation plate that compensates for retardation. 

m010l The liquid crystal display element described above is usually fabricated so that the liquid crystal of the liquid 
crystal layer shows a splay alignment when voltage is not being applied. Therefore, in orderto utilize the bend a gnmen 
to change the refractive index, it is necessary to uniformly transition the entire display portion from a splay alignment 
state to a bend alignment state. The transition to a bend alignment proceeds with transition seeds as the center. The 
location of transition seed generation is not regular, appearing, for example, at orientation irregularities or damaged 
areas of the orientation film interface. Because the location of transition seed generation is not fixed, display defects 
tend to arise. Therefore, it is very important to uniformly transition the entire display portion from a splay alignment to 
a bend alignment before use. 

r0011] In addition, although a high driving voltage is needed to transition from a splay alignment state to a bend 
alignment state, it is difficult to easily bring about this transition in alignment state because the driving voltage is gen- 

roS^Ftrthermore, the perimeter portion of the display region of a liquid crystal display element does not contribute 
to liquid crystal display. Thus, it is not necessary to inject liquid crystal into the perimeter portion of the display region. 
However in conventional liquid crystal display elements, liquid crystal injected into the perimeter portion of the display 
region is wasted, as it is difficult to inject the liquid crystal without also injecting the liquid crystal into the perimeter 
portion of the display region. 

r0013] Finally use of orientation films having more than one liquid crystal orientation has been proposed in orderto 
improve the display characteristics of liquid crystal display elements. However, further improvement in display charac- 
20 teristics is needed beyond what has been realized by such methods. 

DISCLOSURE OF THE INVENTION 

[0014] All of the embodiments are based on the same or similar concepts. However because each of the embodi- 
es ments has been realized by different examples, the embodiments have been divided into a first invention group a 
second invention group, etc.. by grouping together those embodiments that are closely related. In the following, the 
details of each section (invention group) are described in order. 



w 



is 



(1) The First Invention Group 



30 



[00151 In orderto achieve the first object, the first invention group provides a liquid crystal display element comprising 
a liquid crystal sandwiched between two opposed substrates each having an orientation film, wherein the two orientation 
films comprise molecules having a photosensitive group and have different orientation anisotropies from one another, 
the molecules having been irradiated with polarized light, and wherein a pretilt angle of liquid crystal molecules corre- 
35 sponding to the orientation anisotropy of the orientation film provided on an inner side of one of the opposed substrates 
differs from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation film 
provided on an inner side of the other opposed substrate. 

[0016] This construction makes is possible, by irradiating orientation films of a liquid crystal display element with 
polarized ultraviolet light, to easily provide orientation films that can induce a pretilt angle in liquid crystal molecules 
40 for various modes of the liquid crystal display. 

[0017] With this construction, the polarized light irradiation may be such that the molecules having photosensitive 
groups for example, are irradiated with polarized light of different irradiation intensity. 

[0018] ' The molecules may also be irradiated with polarized light applied at different angles to the substrates. 
[0019] In addition, one of the opposed substrates may have opposed electrodes on a surface thereof, and the pretilt 

45 angle of the liquid crystal molecules corresponding to the orientation anisotropy of the orientation film provided on the 
inner side of the one opposed substrate may be greater than the pretilt angle of the liquid crystal molecules corre- 
sponding to the orientation anisotropy of the orientation film provided on the inner side of the other opposed substrate. 
[0020] With this construction, an electric field above the electrodes orients liquid crystal molecules to a specified 
pretilt angle when driving is ON in, for example, an IPS mode liquid crystal display element. Response speed is thus 

so improved by orienting liquid crystal molecules above the substrate having the electrodes to somewhat of a pretilt angle 
even when driving is OFF. 

[0021] The liquid crystal display elements described above may be produced by, for example, forming thin films on 
a pair of substrates using molecules having at least a photosensitive group; carrying out an orientation treatment by 
irradiating one of the thin films and the other of the thin films with polarized light under different irradiation conditions 
55 so that the orientation anisotropy of the one thin film and that of the other thin film are made different; forming a sealing 
material on either of the substrates in a frame shape excluding a portion for a liquid crystal injection port; and adhering 
the substrates together. 

[0022] This construction makes it possible to simply obtain orientation films that induce different pretilt angles by 
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irradiatingtheoneofthethinfilmsandtheotherofthethinfilmswrth polarized ^^J^J^J^ 
0023] It is possible, for example, that the irradiation be such that the one of the thin films and the other of the th.n 
f iim<5 aro irradiated with polarized light of different irradiation intensity. 

0024] s at pZlb'e that the irradiation be such that the one of the thin films and the other of 
Irradiated I w!th polarized light having paralle. planes of polarization and different angles of mcdence with respect to 

SSSST in IdXTo^Tof the opposed substrates may have opposed electrodes on a surface thereof, and the ori- 
nSn iatme t may be carried out under orientation conditions such that a pretilt angle of liquid crystal molecules 
^do^S^ thTorlentatlon anisotropy of an orientation film provided on an inner side of the one opposed substrate 
is made ^XS^S^ angle of liq'uid crystal molecules corresponding to the orientation anisotropy of an onen- 
tation film provided on an inner side of the other opposed substrate. 

(2) The Second Invention Group 

[0026] In order to achieve the second object, the second invention group provides a liquid crystal display element 

ST TnTd^Jrach^e^^obiect, there is provided a liquid crysta, display element comprising a liquid 
crvsta sandwiched Seen two opposed substrates each having an orientation film, wherein at least one of the on- 
^ nS^^motecule.'Luta a photosensitive group and has at least two regions with different onentaU on 
rnLotropies, the molecules having been irradiated with polarized light, and wherein l.qu.d crysta molecules have pretilt 
anoles such as to correspond to the orientation anisotropies of the regions of the orientat.on film. 
ro0281 This construction makes it possible to control the pretilt angle to a pretilt angle that can be consistently re- 
orodSced as pretnt ang^ "controlled by the irradiation of polarized light. Because the at least two regions ; having 
*^Z££ anisotropy are provided by irradiation with polarized light, the production process ,s s.mphned and 
co^amLron and the like o?the orientation film by a protective film is not a problem m comparison with rubbing 

ISrlt is possible that each region be provided by irradiation of the molecules having a photosensitive group with 

dWerent orienta ion anisotropies, it is possible that an orientation film provided with at least two regions hav.ng drfferent 
SlTSples be provided on an inner side of each of the opposed substrates such that regions of the on- 
pntation films havinq a same orientation are opposed to one another 
35 SS TnTs construction makes is possible to provide a liquid crystal display element exce.lent ,n terms of hqu.d 

°T e h^5d crystal display elements described above may be produced by, for example, the following methods. 
0034 ^he liquid SjttJ display elements may be produced by forming thin films on a pair of substrates using mol- 
Ses ha^ng at eas7a photosensitive group; carrying out an orientation treatment by irradiat. ng d.ff erent areas o at 
Sfone of the thin films wfth polarized light under different irradiation conditions to form at least two reg.on hav ng 

rame sh^pe excluding a portion for a liquid crystal injection port; adhering the substrates together and injecting 
a ifquTd crystal between the substrates through the liquid crystal injection port to form a liquid crystal layer 
10035 This construction makes it possible to simply produce, for various liquid crystal d.splayi 
display elements, orientation films having a plurality of orientation anisotropies by using a shadow mask on the thin 

JXT T^^T^S^ the I™**" » «* different areas of at least one of the thin films be 
Splla^ iparalle, planes of polarization and different angles of incidence with respect to surfaces of 



10 



15 



20 



25 



40 



45 



50 



55 



the substrates. 
(2-1) Invention Group 2-1 



m0381 In order to achieve the second object, invention group 2-1 provides a TN mode liquid crystal display r device 
So?pfiveming the generation of disclination by transverse electric fields and for suppressing a defeneration ,n contrast 

^39? ™,oThC m ™rpre.o «,„„ P-ov,*., a W ,„, *p,., « « 
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liquid crystal display element is a twisted nematic orientation mode liquid crystal display element comprising a liquid 
crystal layer with an initial orientation state in twisted orientation mode provided between a pair of substrates, and a 
transverse electric field suppressing region in which liquid crystal molecules have been oriented at a higher pretilt angle 
than are liquid crystal molecules in an inner region of each pixel region is provided in a perimeter portion of each pixel 

5 region in the liquid crystal layer. 

[0040] In a conventional TN mode liquid crystal display element, orientation abnormalit.es such as disclination arise 
due to the influence of a transverse electric field in the perimeter portion of each pixel region, and th.s is a cause of 
the generation of disclination at boundaries between the perimeter portions and portions of the pixel regions other than 
the perimeter portions. Generation of disclination such as this caused by a transverse electric field (hereinafter referred 

10 to as transverse electric field disclination) invites deterioration in contrast and thus is a cause of degradation in display 
characteristics 

[0041] As a method of suppressing this transverse electric field disclination, orienting the liquid crystal molecules at 
a high pretilt angle is conceivable. In the case of TN mode, however, orientation of liquid crystal molecules at a high 
pretilt angle invites coloration and a further deterioration in display characteristics. 

15 m042] In consideration of this, the present invention, as in the construction described above, is such that each pixel 
region is divided into a perimeter portion that is influenced by a transverse electric field and an inner region that is not, 
and a transverse electric field suppressing region is provided in each perimeter portion such that liquid crystal molecu es 
are oriented at a higher pretilt angle in the perimeter portions than in the inner regions. As a result, disclination generated 
at boundaries between the perimeter portions and portions other than the perimeter portions Is prevented. Meanwhile, 

20 because liquid crystal molecules in the inner regions are oriented to a low pretilt angle, coloration on the display screen 
is not observed. Thus, a liquid crystal display element having excellent display characteristics such as contrast and 
no observation of coloration is provided. 

f0043] It is possible that the construction described above be such that an orientation film for orienting liquid crystal 
molecules in a specified direction be provided on an inner side of each of the substrates; and the onentation film 
25 comprise a high pretilt angle region for initially orienting liquid crystal molecules at a high pretilt angle in each of the 
transverse electric field suppressing regions and a low pretilt angle region for initially orienting liquid crystal molecules 
at a low pretilt angle in each of the inner regions. 

[00441 It is possible that the orientation film at least contain thin film components each having a photosensitive group, 
the photosensitive groups being polymerized and fixed in a desired direction. 
30 [0045] It is also possible that the orientation film be a thin film formed of a group of molecules including at least 
molecules of a silane-based compound each having a photosensitive group, the group of molecules being bonded and 
fixed to each of the substrates. 

[0046] It is further possible that the group of molecules be inclined in a specified direction and the photosensitive 
groups polymerized and fixed in the specified direction. 

35 [0047] Finally, it is possible that the orientation film be a monomolecular film. 

[0048] The present invention provides a method of producing a liquid crystal display element that is a twisted nematic 
orientation mode liquid crystal display element having a liquid crystal layer with an initial orientation state in twisted 
orientation mode provided between a pair of substrates, the method comprising the steps of forming orientation films 
on the pair of substrates; carrying out an orientation treatment on each of the orientation films such that orientation 

40 treatment conditions for regions of the liquid crystal layer corresponding to perimeter portions of pixel regions are made 
different from orientation treatment conditions for regions corresponding to inner regions, which are regions other than 
the perimeter portions, to form high pretilt angle regions for orienting liquid crystal molecules at a high pretilt angle in 
the regions corresponding to the perimeter portions and low pretilt angle regions for orienting liquid crystal molecules 
at a low pretilt angle in the regions corresponding to the inner regions; adhering the substrates together; and injecting 

45 a liquid crystal between the substrates through an injection port to form a liquid crystal layer; whereby transverse 
electric field suppressing regions are formed in the perimeter portions of the pixel regions in the liquid crystal layer, the 
transverse electric field suppressing regions orienting liquid crystal molecules to a higher pretilt angle than do the inner 
regions of the pixel regions. 

[0049] The method described above makes it possible to provide a liquid crystal display element for suppressing 
so generation of reverse tilt even with influence from a transverse electric field by carrying out an orientation treatment 
on the orientation films formed on the substrates to form a high pretilt angle region for orienting liquid crystal molecules 
at a high pretilt angle in each region corresponding to the perimeter portion of each pixel region. Thus, disclination 
qeneration at boundaries between the perimeter portions and portions other than the perimeter portions is prevented, 
making it possible to produce a liquid crystal display element having excellent display characteristics such as contrast. 
55 [0050] It is possible that the step of carrying out an orientation treatment be a step of carrying out an orientation 
treatment by polarized photoalignment such that surfaces of the substrates having the orientation films formed thereon 
are irradiated with polarized light; and that the irradiation with polarized light be carried out such that the irradiation 
intensity of a f irst polarized light applied to the perimeter portions of the pixel regions is made greater than the irradiation 
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intensity of a second polarized light applied to the regions of the pixel regions other than the perimeter portions. 
[0051] It is also possible that the step of carrying out an orientation treatment be a step of carrying out an orientation 
treatment by polarized photoaiignment such that surfaces of the substrates having the orientation films formed thereon 
are irradiated with polarized light; and that the irradiation with polarized light is carried out such that the plane of 
5 polarization of a first polarized light applied to the formation regions and a second plane of polarization applied to the 
formation regions are made parallel, and the angle of incidence with respect to the substrate surfaces of the first 
polarized light is made smallerthan the angle of incidence with respect to the substrate surfaces of the second polarized 
light. 

[0052] It is further possible that the step of forming orientation films be such that a silane-based compound having 
10 photosensitive groups is contacted to the substrate surfaces under a dry atmosphere, whereby the silane-based com- 
pound is chemisorbed to the substrate surfaces. 

[0053] It is further possible to carry out the steps of removing unadsorbed silane-based compound by washing sur- 
faces of the substrates having the orientation films formed thereon using a washing solution immediately after the step 
of forming orientation films; and temporarily aligning molecules of silane-based compound adsorbed to the substrate 
15 surfaces by standing the washed substrates in a fixed direction to drain and dry washing solution remaining on the 
substrate surfaces; so that the draining direction is made parallel to the planes of polarization of the step of carrying 
out an orientation treatment by polarized photoaiignment. 

(2-2) Invention Group 2-2 

20 

[0054] In orderto achieve the objects described hereinbefore, invention group 2-2 provides an IPS mode liquid crystal 
display element having good response speed by making it possible to sufficiently drive liquid crystal above the elec- 
trodes. 

[0055] In order to achieve these objects, the present invention provides an in-plane switching-type liquid crystal 
25 display element having a liquid crystal layer provided between a pair of substrates and pairs of electrodes provided 
on one of the substrates, the display element wherein: the liquid crystal layer comprises, first regions provided above 
the electrodes, wherein liquid crystal alignment is controlled by electric field components above the electrodes; and a 
second region corresponding to an area between the pairs of electrodes, wherein liquid crystal alignment is controlled 
by transverse electric field components; wherein a pretilt angle of liquid crystal molecules in the first regions is larger 
30 than a pretilt angle of liquid crystal molecules in the second region. 

[0056] It is possible that an orientation film for orienting liquid crystal molecules in a substantially same direction be 
provided on an inner side of one of the substrates, the orientation film having high pretilt angle regions for initially 
orienting liquid crystal molecules above the pairs of electrodes at a high pretilt angle and a low pretilt angle region for 
initially orienting liquid crystal molecules between the pairs of electrodes at a low pretilt angle. 
35 [0057] It is also possible that the orientation film control the orientation of liquid crystal molecules such that pretilt 
angle increases continuously and progressively toward the electrodes. 
[0058] It is also possible that each of the pairs of electrodes be a transparent electrode. 

[0059] It is also possible that the orientation film at least contain thin film component molecules each having a pho- 
tosensitive group, the photosensitive groups being polymerized and fixed in a desired direction. 
40 [0060] It is also possible that the orientation film be a thin film formed of a group of molecules including at least 
molecules of a silane-based compound each having a photosensitive group, the group of molecules being bonded and 
fixed on each of the substrates. 

[0061] It is also possible that the group of molecules be inclined in a specified direction and that the photosensitive 
groups be polymerized and fixed in the specified direction. 

45 [0062] Finally, it is possible that the orientation film be a monomolecular film. 

[0063] In addition, in order to realize the objects mentioned above, the present invention provides a method of pro- 
ducing a liquid crystal display element that is an in-plane switching-type liquid crystal display element provided with a 
liquid crystal layer between a pair of substrates and pairs of electrodes on one of the substrates, the method comprising 
the steps of: forming orientation films on the pair of substrates; carrying out an orientation treatment on the orientation 

so films such that orientation treatment conditions for regions above the pairs of electrodes are made different from ori- 
entation treatment conditions for regions corresponding to an area between the pairs of electrodes to form high pretilt 
angle regions for orienting liquid crystal molecules at a high pretilt angle in the regions above the pairs of electrodes 
and a low pretilt angle region for orienting liquid crystal molecules at a low pretilt angle in the region corresponding to 
the area between the pairs of electrodes; adhering the substrates together; and injecting a liquid crystal between the 

55 substrates to form a liquid crystal layer; whereby in the liquid crystal layer, first regions and a second region are formed, 
the first regions provided above the electrodes, wherein liquid crystal alignment is controlled by electric field compo- 
nents above the electrodes, and the second region corresponding to the area between the pairs of electrodes, wherein 
liquid crystal alignment is controlled by transverse electric field components. 
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ro0641 In the method described above, it is possible that the step of carrying out an orientation treatment be a step 
o°carrying out an orientation treatment such thatsurfaces of the substrates having the orientation f.lms formed thereon 
a eTrSteS with polarized light; and the irradiation with polarized light be carried out such that the eradiation in tensity 
o aSpoStee KapplieSto the regions above the pairs of electrodes is made greaterthan the irrad.at.on ,ntens,ty 
o a second pofarized light applied to the region corresponding to the area between the pairs of electrodes. 
?0065 r t s P pos"ble Lt ,hl step of carrying out an orientation treatment be a step of carrying «^ 
reatmentbyphotoalignmentwith polarized light such that surfaces of the substrates hav,ng the onem 
hereon are irradiated with polarized light; and the irradiation with polarized light be carried out such that the plane of 
polar^n of S polarized light applied above the pairs of electrodes and a second plane of polarization apphed 
to the lion coLponding to the area between the electrodes are made parallel, and the angle of incidence wrth 
respect toTe substrate surfaces of the first polarized light is made smaller than the angle of incidence w,th respect to 
the substrate surfaces of the second polarized light. ho>(in „ nhn tn 

00661 It is possible that the step of forming orientation films be such that a silane-based compound having photo- 
lensle groups ^ contacted to the substrate surfaces under a dry atmosphere, whereby the silane-based compound 

15 iool7T iS .Hs e p d ol 0 sib. e e TcZ^^s of removing unadsortoed si.ane-based compound by washing surfaces of 
nesubsS 

rtente on films; and'temporarily aligning mo.ecules of si.ane-based compound adsorbed to the * 
standing the washed substrates in a fixed direction to drain and dry washing solut.on remaining on subs rate sur 
Sees so that thedrainingdirection is made parallel to the planes of polarization of the step of carrying out an orientation 

^X^J^S^W crystal display element of the present invention -e described below. 
0069 fn conventional IPS mode liquid crystal display elements, while a transverse electnc ^^^3 
he pixel electrodes and the opposing electrodes brings about a change in the liquid crystal alignment state l.qu d 
crystel moires above the electrodes are not driven because an e.ectric field component vertical tc .the substrate 
surfaces is generated above these electrodes. For this reason, the liquid crystal layer comes to have both regions ,n 
wnlch liquid crystal transitions to a new alignment state and regions in which the liquid crystal remains ,n he inrt.a 
Static state, whereby at least in the boundary portions between both regions, continufty m the alignment ^state of 
the Lid crysta (during application of an electric field) is not maintained, factoring into a defeneration of esponse. 
0070] However, as in the case of the present invention, by providing, in the liquid crystal layer above the pairs ^of 
electrodes, first regions in which liquid crystal alignment is changed by electric field components above t he electrodes 
continuity in alignment state is maintained at boundary portions between electrode formation regions and a non-for- 
mSon legion even when an electric field is applied, whereby a smooth transition between liquid crystal ahgnment 
states is realized Thus, an improvement in response is achieved, 
35 SSTf S creation of the first regions is achieved by initially orienting liquid crysta, molecules ,n the f rst regions to 
alaroer pretilt angle than that to which liquid crystal molecules in the second region are onented. When the liquid 
cryttetmoSulesare initial* oriented to a high pretilt angle, the long axis direction and the like of the hquid crysta. 
molecules can be easily lined up with the vertical electric field direction. atha ^ iran i 
[0072] By providing, on one of the substrates, an orientation film having high pret.lt angle regions above the pairs o 
electrodes and a low pretilt angle region between the pairs of electrodes, it is possible to ^^o^l 
molecules in the first regions to a high pretilt angle and liquid crystal mo.ecules in the second region to a low pretilt angle. 
[0073] By formation of first regions, the region of liquid crystal that can be operated ,s enlarged. Thus, when a trans- 
parent electrode is used for each of the pair* of electrodes, the electrode formation regions also contribute to screen 
display thereby improving light usage efficiency. As a result, a much brighter display can be achieved. 
P074T W the production method of a liquid crystal display element of the present invention it is Possible to make 
he regions above the electrodes into regions that orient liquid crystal molecules at a h.gh pret.lt angle and he region 
corresponding to the area between the electrodes into a region that orients liquid crystal molecules at a low pret.lt 
Tngle by carrying out an orientation treatment on the orientation film having the pairs of electrodes such that orientation 
conditions for the regions above the pairs of electrodes are made different from orientation conditions for the region 
co re ^ponding to thearea between thepairs of electrodes. By doing this, the orientation state of liquid crysta. molecu es 
in the formation regions can be changed by electric field components above the electrodes^ Even when an electnc 
field is being applied, continuity in liquid crystal state is maintained at the boundary portions between the first regions 
and the second region , making it possible to realize a smooth transition between liquid crystal alignment states and to 
thereby produce a liquid crystal display element having excellent response. 

[0075] In addition, carrying out a photoalignment step, in which the surfaces of substrates having an orientation IMIm 
formed thereon are irradiated with polarized light, for the orientation treatment step, eliminates he need 0 form a 
photoresist (protective film) by photolithography as was necessary in carrying out of the conventional n**.n9 tr«*n^ 
Thus it is made possible to simplify the production process and to prevent degradation of the surface of the orientation 
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film that is caused by the formation and exfoliation of a photoresist. Furthermore the generation of dust, whttwasa 
problem with the rubbing method, does not arise with the photoalignment method, mak.ng ,t poss.ble to prevent con- 
tamination of the orientation film. 



(2-3) Invention Group 2-3 

rO0761 In order to achieve the objects described above, it is an object of the invention group 2-3 to provide a liquid 
Si display element that, along with reducing the splay-bend transition voltage by almost certain generator, o 
SlTs^eds hTs no display defects and has excellent display quality. It is also an object to prov.de a method of 

LomTrisinq a tu d crystel layer oriented in splay alignment provided between a pair of substrates with electrodes, 
each bs'rate 'having T* n orientation film, the display element wherein: at least one of the orientation films compnses 
thin fi m component molecules each having a photosensitive group and high pretilt reg ons for »~^^«2S 
molecules to a higher pretilt angle than do other regions; and the liquid crystal layer has trans ,t.on seed ge nerat on 
regions wherein a'transition from splay alignment to bend alignment is accelerated by application of a voltage to the 
electrodes the transition seed generation regions being formed by the high pret.lt angle regions. 
S Tt'is P re7erab.e that at feast one of the transition seed generation regions be provided .n each p.xel reg.on ,n 

M*"! KolSrJthat the construction described above be such that the one orientation film be a thin film formed 
S a group of Tn^sea compound each having a photosensitive group, the group being bonded and fixed on one 

?008 0 r "TpTssible that the silane-based compound molecules comprise a linear hydrocarbon chain When the 

Sane-based compound molecules comprise a linear hydrocarbon chain, the silane-based compound molecules can 

be Tell Signed on the substrate, making it possible to form a highly dense, chemisorbed thin film. Thus, a liquid crystal 

disolav element having an orientation film with excellent orientation properties can be obtained^ 

££] li aise ^ possible that the construction be such that a photosensttive group portion m the th.n film component 

molecules is polymerized and fixed in a desired direction. 

r00821 It is possible that the orientation film be a monomolecularfilm. 

0083 It is possible that the photosensitive group portion be cinnamoyl groups or chalconyl ! groups _ 

0084 In order to realize the objects described above, the present invention prov.des a method of producing a liquid 
crvsta display e ement having a quid crystal layer oriented in splay alignment provided between a pair of substrates 
ST^^^LtaJ. having an orientation film, the method comprising the steps of: forming an onentat.on 
m ^c?mpris.ng thfn film components each having a photosensitive group on at least one of the substrates; carrying 

2 treatment th'at utilizes a photoalignment method on the orientation film wherein 

are varied to form high pretilt angle regions for orienting liquid crystal molecules at a higher pret.lt angle than do othe 
reqions adhering the substrates together; and injecting a liquid crystal between the substrates to form a l.qu.d crystal 

3 wherej transition seed generation regions for accelerating a transition from splay alignment to bend alignment 
aSSSln oi a voltage to'the electrodes are provided in the liquid crystal layer, the transit.on seed generate 

Irradiation intensity than polarized light applied to the other regions is applied to specf.ed reg.ons to form the h.gh 

angle of incidence than polarized light applied to the other regions is applied to specf.ed reg.ons to form the h.gh pret.lt 

tZ^Z^^t^ll carrying out an orientation treatment be such that a silane-based compound 
S P uZsensTe groups is contacted to the substrate surface under a dry atmosphere, whereby the silane-based 

SSH J p^to^^h^^.ng -adsorbed silane-based compound by washing surfaces of 
ne subst a e Shaving the orientation filmed 

o^n«ms?an n d 9 tem P orari.y aligning molecules of silane-based compound adsorbed to 1 

standing the washed substrates in a fixed direction to drain and dry wash.ng solution rema.n.ng on the substrate sur 
Sees! so that the draining direction is made parallel to the planes of polarization of the step of carrying out an onentat.on 

treatment by polarized photoalignment. . Inul 

r00891 Advantages of such a liquid crystal display element of the present .nvention is descr.bed below. 
0090 mS» crystal display element in accordance with the present invention is such thattrans.t.on seed genera on 
regions are provided in the liquid crystal layer by fomiing high pretilt angle regions for or.ent.ng l.qu.d crystal molecules 



8 



EP 1 223 604 A1 

to a higher pretilt angle than to other regions in the orientation film. Orienting liquid crystal molecules to a higher pretilt 
angle than to other regions makes it possible to provide a liquid crystal alignment state having a distorted construction 
in these regions. Thus, when voltage is applied, liquid crystal molecules in these regions rise (transition) quickly as 
compared to liquid crystal molecules of other regions, whereby transitions seeds are generated. The generation of 
transition seeds accelerates a transition from splay alignment to bend alignment, thereby reducing the splay-bend 
transition voltage. 

[0091] It is possible that the orientation film be a thin film formed of a group of thin film components each having a 
photosensitive group and bonded to a substrate, a photosensitive group of the thin film components being polymerized 
and fixed in a specified direction . In this way, the orientation of liquid crystal molecules can be controlled in the direction 
in which the photosensitive group is polymerized and fixed, making it possible to obtain a liquid crystal display element 
having excellent orientation uniformity. 

[0092] In addition, in the production method of the liquid crystal display element of the present invention, orientation 
treatment on the orientation film is carried out using a photoalignment method (polarized photoalignment step), elim- 
inating the need to form a photoresist (protective film) by photolithography as was necessary in carrying out of the 
conventional rubbing treatment. Thus, it is made possible to simplify the production process and to prevent degradation 
of the surface of the orientation film that is caused by the formation and exfoliation of a photoresist. Furthermore, the 
generation of dust does not arise with the photoalignment method, making it possible to prevent contamination of the 

orientation film. . 
[0093] Furthermore, by irradiating specified regions with polarized light having a greater irradiation intensity than 
polarized light with which other regions are irradiated, high pretilt angle regions can be formed in the specified regions 
with good reproducibility. Alternatively, high pretilt angle regions can be formed in the specified regions by irradiating 
these regions with polarized light applied at an incidence angle that is larger than that of polarized light applied to other 
regions. Thus, by employing either of these methods or a combination of these methods, transition angle generation 
regions can be easily formed in the liquid crystal layer. Even when voltage is applied to the electrodes, the generation 
of transition seeds is ensured and the transition from splay alignment to bend alignment accelerated, making it possible 
to produce a liquid crystal display element having a reduced splay-bend transition voltage. 

(2) The Third Invention Group 

[0094] In order to achieve the objects described above, the third invention group provides a liquid crystal display 
element having excellent display characteristics by providing an orientation film on each of a pair of substrates in a 
liquid crystal display element and making the anchoring energy, with respect to liquid crystal molecules, of each re- 
spective orientation film different. 

[0095] In order to achieve the objects described above, the present invention provides a liquid crystal display element 
comprising a liquid crystal sandwiched between two opposed substrates each having an orientation film, wherein the 
two orientation films comprise molecules having a photosensitive group and have different orientation anisotropics 
from one another, the molecules having been irradiated with polarized light, and wherein an anchoring energy, with 
respect to liquid crystal molecules, of the orientation film provided on an inner side of one of the opposed substrates 
differs from an anchoring energy, with respect to liquid crystal molecules, of the orientation film provided on an inner 
side of the other opposed substrate. 

[0096] The construction described above makes it possible to provide a liquid crystal display element suitable for 
various liquid crystal modes, each display element provided with orientation films that have an anchoring energy with 
respect to liquid crystal molecules. For example, with an orientation film on a substrate having opposed electrodes on 
a surface thereof, the anchoring energy with respect to liquid crystal molecules can be made large. On the other hand, 
with an orientation film on a substrate without the electrodes, the anchoring energy with respect to liquid crystal mol- 
ecules can be made small because it is not necessary that the anchoring energy with respect to the liquid crystal 
molecules be a particularly large azimuthal anchoring energy. In particular, because a photoalignment method is em- 
ployed, the controlling of the anchoring energy can be realized with good reproducibility. 

[0097]' Such a liquid crystal display element of the present invention may also be obtained by employing the two 
orientation films comprising molecules having a photosensitive group, the molecules having been irradiated with po- 
larized light of different irradiation intensity. 

[0098] Such a liquid crystal display element of the present invention may also be obtained by employing the two 
orientation films comprising molecules having a photosensitive group, the molecules having been irradiated with po- 
larized light applied at different angles to the substrates. 

[0099] It is possible that the molecules having a photosensitive group be molecules of a silane-based compound, a 
group of the molecules forming a thin film bonded and fixed to each of the substrates. 
[0100] Opposed electrodes may be provided on one of the substrates. 

[0101] It is preferable that the anchoring energy, with respect to liquid crystal molecules, of the orientation film pro- 
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vided on an inner side of one of the opposed substrates be greater than the anchoring energy, with respect to liquid 
crystal molecules, of the orientation film provided on an inner side of the other opposed substrate. 
roi021 The anchoring energies may be defined by azimuthal anchoring energy. 

r0103 The present invention provides a method of producing a liquid crystal display element, compr.smg the steps 
of forming thin films on a pair of substrates using molecules having at least a photosensitive group, carrying out an 
orientation treatment by irradiating one of the thin films and the other of the thin films with polarized light under different 
irradiation conditions to make the orientation anisotropy of the one orientation film different from the orientation ani- 
sotropy of the other orientation film, so that an anchoring energy, with respect to liquid crystal molecules of the one 
orientation film and an anchoring energy, with respect to liquid crystal molecules, of the other orientation film are dif- 
ferent forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; adhering the substrates together; and injecting a liquid crystal between the substrates through the liquid 
crystal injection port to form a liquid crystal layer. . . M 

roi04] With this construction, because ultraviolet polarized light is applied under different conditions, the anchoring 
energy with respect to liquid crystal molecules, of each orientation film can be easily made different. When a rubbing 
method is employed, the controlling of anchoring energy can neither be achieved easily, nor with good reproducibility. 
However polarized light irradiation makes it possible to easily control anchoring energy with good reproducibility. 
F01051 In for example, an IPS mode liquid crystal display element, the surface having the opposed electrodes may 
have a large azimuthal anchoring energy, making it possible to carry out driving of the liquid crystal element at optimal 
performance For example, because voltage-transmissivity characteristics are such that the change in transm.ss.v.ty 
is steep in the vicinity of the threshold voltage, an IPS mode liquid crystal display element having an even greater 
number of scan lines can be provided for matrix driving. 

r0106l The production method may be carried out by applying polarized light of different irradiation intensity. 
[0107] The molecules having a photosensitive group may also be irradiated with polarized light forming different 
angles with the substrates. 

[01 08] It is possible that one of the opposed substrates have opposed electrodes on a surface thereof, and that the 
orientation treatment be carried out under orientation conditions such that the anchoring energy, with respect to liquid 
crystal molecules, of an orientation film provided on an inner side of the one opposed substrate is made greater than 
the anchoring energy, with respect to liquid crystal molecules, of an orientation film provided on an inner side of the 
other opposed substrate. 

[0109] It is possible that the step of forming thin films be such that a silane-based compound having photosensrtive 
groups is contacted to surfaces of the substrate under a dry atmosphere, whereby the silane-based compound is 
chemisorbed to the substrate surfaces. 

[01 1 0] It is possible to carry out the steps of removing unadsorbed silane-based compound by washing surfaces of 
the substrates having the orientation films formed thereon using a washing solution immediately after the step of forming 
orientation films; and temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by 
standing the washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate sur- 
faces; so that the draining direction is made parallel to the planes of polarization of the step of carrying out an orientation 
treatment by polarized photoalignment. 

(4) The Fourth Invention Group 

[01 1 1] In orderto realize the objects described above, the present invention provides a liquid crystal display element 
comprising a liquid crystal sandwiched between two opposed substrates each having an orientation film, wherein at 
least one of the orientation films comprises molecules having a photosensitive group and has at least two regions with 
different orientation anisotropics, the molecules having been irradiated with polarized light, and wherein anchoring 
energies with respect to liquid crystal molecules are different such as to correspond to the orientation anisotropics of 
the regions of the at least one of the orientation films. 

[01 1 2] Because this construction of the present invention is such that at least two regions-having an anchoring energy, 
with respect to liquid crystal molecules, are provided on one of the substrates by polarized light irradiation, it is not 
necessary to form a photoresist (protective film) by photolithography, as was necessary with the conventional rubbing 
method Thus, it is made possible to simplify the production process and to prevent degradation of the surface of the 
orientation film that is caused by the formation and exfoliation of a photoresist. Furthermore, the generation of dust 
does not arise with the photoalignment method, making it possible to prevent contamination of the orientation film. 
[01 1 3] It is possible that the irradiation of polarized light be carried out by applying polarized light of differing irradiation 
intensities. 

[01 14] Polarized light may be applied so as to form differing angles with the substrates. 

[01 1 5] The orientation film having the at least two regions with different orientation anisotropies may be provided on 
an inner side of each of the opposed substrates such that regions of the orientation films having a same orientation 
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Tmn tornZTe 'sealing material on either of the substrates in a frame shape excluding a port.on for a hqu d crystal 
Sion poT adheXg the substrates together; and injecting a liquid crystal between the substrates through the liquid 

orientation film with regions having differing anchoring energies with respect to liquid crysta . 

[ 0 " 18] The polarized light irradiation may be such that, for example, different areas of at least one of the thin films 
i<? irradiated with polarized light of differing irradiation intensity. irra Hi~tori 
0 The polarized light "radiation may also be such that different areas of at least one of the thin films ; is rradia ed 
wrth polaSht having parallel planes of polarization and at least two different angles of incidence w,th respect to 

[oT20? S °n Z fotSl'iquid crystal display elements of the fourth invention group and production methods of the 
same are described in detail. 

20 (4-1) Invention Group 4-1 

101211 in orderto achieve the objects described above, invention group 4-1 provides a TN mode liquid crystal I display 
Snt that prevents the generation of transverse electric field disclination and deterioration ,n contrast caused by 
this disclination It also provides a method of producing such a liquid crystal display element. 
25 To 22 The present invention provides a liquid crystal display element wherein the liquid crysta. display element ,s 
K2 ed nema f o e tation mode liquid crystal display element having a liquid crystal layer with an init.al orientation 
st^en twisted orientation mode provided between a pair of substrates; an orientation film for orienting .liquid crystal 
mo ecules in a specified direction is provided on an inner side of each of the substrates; and a transverse electric field 
r PP Sng regTon is provided in a perimeter portion of each pixel region in the orientation films, the transverse ^e.ectnc 
Suppressing region having a greater anchoring energy with respect to liquid crystal molecules than does an inner 

^"XZZXtSL of the present invention described above, each pixel region is divided into a perimeter 
portion that is influenced by a transverse electric field and an inner region that is not, and a transverse electric field 
suppressing region is provided in each perimeter portion such that the anchoring energy, with respect to qu.d crystal 
ZST^er n L perimeter portion than in the inner region. As a result, disclination generated at boundaries 
See he pele er portions and portions other than the perimeter portions is prevented. Meanwh e, because an- 
Sing energy is suppressed to a low value in the areas of the pixel regions other than the perimeter portions, the 

S "1S^^^^^^ at least contain thin film components each having a photosensitive group, 

of a slane-based compound each having a photosensitive group, the group of molecules being bonded and fixed to 

WW Tis'poSte that the group of molecules be inclined in a specified direction and the photosensitive groups 
45 be polymerized and fixed in the specified direction. 

T01271 ft is oossible that the orientation film be a monomolecular film. 

mm " order to achieve the objects described above, the present invention provides a method of producing a liquid 
S di play element, comprising the steps of: forming orientation films on a pair of substrates; carrying out an on- 
entation treatment on each of the orientation films such that orientation treatment conditions for reg.ons of the orientation 
£££££££ to perimeter portions of pixel regions are made different from orientation ^T^^^^ 
Sons corresponding to inner regions, which are regions other than the perimeter portions, to form regions of the 
orientation films having a large anchoring energy with respect to liquid crystal molecules in regions corresponding to 
the S mete polns and regions of the orientation f ilms having a small anchoring energy with respect to quid crysta 
molec lest regions corresponding to the inner regions; adhering the substrates together; and injecting a liquid crystal 
between the substrates to form a liquid crystal layer; whereby transverse electric field suppressing regions are formed 
fnTfpeleter portions of the pixel regions of the orientation films, the transverse electric field suppressing regions 
havina a greater anchoring energy with respect to liquid crystal molecules than do the inner regions. 
S The .method described above makes it possible to provide a liquid crystal display element for suppressing 



30 



35 



40 



50 



55 



11 



EP 1 223 604 A1 

generation of reverse tilt even with influence from a transverse electric field by carrying out an orientation treatment 
on the orientation films formed on the substrates to form a region having a larger anchoring energy with respect to 
liquid crystal molecules in regions corresponding to the perimeter portions, whereby a transverse electric field sup- 
pressing region is provided in each perimeter portion of the pixel electrodes. Thus, disclination generation at boundaries 
between the perimeter portions and portions other than the perimeter portions is prevented, making it possible to 
produce a liquid crystal display element having excellent display characteristics such as contrast. 
[0130] It is possible that the step of carrying out an orientation treatment be a step of carrying out an orientation 
treatment by photoalignment with polarized light such that surfaces of the substrates havingthe orientation films formed 
thereon are irradiated with polarized light; and the irradiation with polarized light be carried out such that the irradiation 
intensity of a first polarized light applied to the perimeter portions of the pixel regions is made greater than the irradiation 
intensity of a second polarized light applied to the regions of the pixel regions other than the perimeter portions. 
[0131] It is possible that the step of carrying out an orientation treatment be a step of carrying out an orientation 
treatment by photoalignment with polarized light such that surfaces of the substrates having the orientation films formed 
thereon are irradiated with polarized light; and the irradiation with polarized light be carried out such that the plane of 
polarization of a first polarized light applied to the formation regions and a second plane of polarization applied to the 
formation regions are made parallel, and the angle of incidence with respect to the substrate surfaces of the first 
polarized light is made smaller than the angle of incidence with respect to the substrate surfaces of the second polarized 
light. 

[0132] It is possible that the step of forming orientation films be such that a silane-based compound having photo- 
sensitive groups is contacted to the substrate surfaces under a dry atmosphere, whereby the silane-based compound 
is chemisorbed to the substrate surfaces. 

(4-2) Invention Group 4-2 

[0133] In order to achieve the objects described above, invention group 4-2 provides an IPS mode liquid crystal 
display element having good response speed by making it possible to sufficiently drive liquid crystal even above the 
electrodes. It also provides a method of producing such a liquid crystal display element. 

[01 34] The present invention provides a liquid crystal display element that is an in-plane switching-type liquid crystal 
display element comprising a liquid crystal layer provided between a pair of substrates and pairs of electrodes provided 
on one of the substrates, the display element wherein: an orientation film for orienting liquid crystal molecules in a 
substantially same direction is provided on an inner side of one of the substrates; and the liquid crystal layer comprises, 
first regions provided above the electrodes, wherein liquid crystal alignment is controlled by electric field components 
above the electrodes; and a second region corresponding to an area between the pairs of electrodes, wherein liquid 
crystal alignment is controlled by transverse electric field components; wherein an anchoring energy, with respect to 
liquid crystal molecules, of the orientation film in the first regions is greater than an anchoring energy, with respect to 
liquid crystal molecules, of the orientation film in the second region. 

[0135] The principles of driving in an IPS mode liquid crystal display element are such that, when driving is ON, the 
electric field in the azimuthal direction is strong above the electrodes, but weak in other regions. Therefore, it is desirable 
that the azimuthal anchoring energy be large above the electrodes and small in other regions. An electric field com- 
ponent in the polar direction exists above the electrodes, but is almost nonexistent in other regions. Therefore, it is 
desirable that the polar anchoring energy be large above the electrodes, but small in other regions. 
[01 36] This construction of the present invention makes it possible to provide a liquid crystal display element having 
regions with different anchoring energies because anchoring energy, with respect to liquid crystal molecules, of the 
orientation film can be easily changed by applying polarized light. 

[0137] It is possible that the orientation film comprise regions having a large anchoring energy with respect to liquid 
crystal molecules above the pairs of electrodes and a region having a small anchoring energy with respect to liquid 
crystal molecules between the pairs of electrodes. 

[0138] It is possible that the orientation film control the orientation of liquid crystal molecules such that anchoring 
energy increases continuously or in a step-wise manner toward the electrodes. 
[0139] Each of the pairs of electrodes may be a transparent electrode. 

[0140] The orientation film may at least contain thin film component molecules each having a photosensitive group, 
the photosensitive groups being polymerized and fixed in a fixed direction. 

[0141] The orientation film may be a thin film formed of a group of molecules including at least molecules of a silane- 
based compound each having a photosensitive group, the group of molecules being bonded and fixed to each of the 
substrates. 

[0142] The group of molecules may be inclined in a specified direction and the photosensitive groups polymerized 
and fixed in the specified direction. 

[0143] The orientation film may be a monomolecular film. 
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[0144] The present invention provides a method of producing a liquid crystal display element that is an in-plane 
switching-type liquid crystal display element provided with a liquid crystal layer between a pair of substrates and pairs 
of electrodes on one of the substrates, the method comprising the steps of: forming orientation films on the pair of 
substrates- carrying out an orientation treatment on the orientation films such that orientation treatment conditions for 
regions above the pairs of electrodes are made different from orientation treatment conditions for a region correspond- 
ing to an area between the pairs of electrodes to form regions of the orientation films having a large anchoring energy 
with respect to liquid crystal molecules in regions above the pairs of electrodes and a region of the orientation films 
having a small anchoring energy with respect to liquid crystal molecules in the region corresponding to the area between 
the pairs of electrodes; adhering the substrates together; and injecting a liquid crystal between the substrates to form 
a liquid crystal layer; whereby in the liquid crystal layer, first regions and a second region are formed, the first regions 
provided above the electrodes, wherein liquid crystal alignment is controlled by electric field components above the 
electrodes, and the second region corresponding to the area between the pairs of electrodes, wherein liquid crystal 
alignment is controlled by transverse electric field components. 

[0145] With this construction, the alignment state of liquid crystal molecules in formation regions can be changed by 
electric field components above the electrodes. 

[0146] It is possible that the step of carrying out an orientation treatment be a step of carrying out an orientation 
treatment such that surfaces of the substrates having the orientation films formed thereon are irradiated with polarized 
light- and the irradiation with polarized light be carried out such that the irradiation intensity of a first polarized light 
applied to the regions above the pairs of electrodes is made greater than the irradiation intensity of a second polarized 
light applied to the region corresponding to the area between the pairs of electrodes. 

[0147] It is possible that the step of carrying out an orientation treatment be a step of carrying out an orientation 
treatment by photoalignment with polarized light such that surfaces of the substrates having the orientation films formed 
thereon are irradiated with polarized light; and the irradiation with polarized light be carried out such that the plane of 
polarization of a first polarized light applied above the pairs of electrodes and a second plane of polarization applied 
to the regions corresponding to the area between the electrodes are made parallel, and the angle of incidence with 
respect to the substrate surfaces of the first polarized light is made smaller than the angle of incidence with respect to 
the substrate surfaces of the second polarized light. 

[0148] It is possible that the step of forming orientation films be such that a silane-based compound having photo- 
sensitive groups is contacted to the substrate surfaces under a dry atmosphere, whereby the silane-based compound 
is chemisorbed to the substrate surfaces. 

[01 49] It is possible to carry out the steps of removing unadsorbed silane-based compound by washing surfaces of 
the substrates having the orientation films formed thereon using a washing solution immediately after the step of forming 
orientation films; and temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by 
standing the washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate sur- 
faces; so that the draining direction is made parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

(4-3) Invention Group 4-3 

[0150] In order to achieve the objects of described above, invention group 4-3 provides a liquid crystal display element 
that, along with reducing the splay-bend transition voltage by almost certain generation of transition seeds, has no 
display defects and has excellent display quality. It is also an object to provide a method of producing such a liquid 
crystal display element 

[0151] The present invention provides a liquid crystal display element comprising a liquid crystal layer oriented m 
splay alignment provided between a pair of substrates with electrodes, each substrate having an orientation film, the 
display element wherein: at least one of the orientation films comprises thin film component molecules each having a 
photosensitive group and regions having a larger anchoring energy with respect to liquid crystal molecules than do 
other regions; and the liquid crystal layer has transition seed generation regions wherein a transition from splay align- 
ment to bend alignment is accelerated by application of a voltage to the electrodes, the transition seed generation 
regions being formed by the regions of the orientation film having a large anchoring energy with respect to liquid crystal 
molecules. 

[01 52] The same advantageous effects are obtained as with invention group 2-3. Additionally, regions having a large 
anchoring energy with respect to liquid crystal molecules and regions having a small anchoring energy with respect to 
liquid crystal molecules are formed in the orientation film without affecting pretilt angle. Thus, even if regions having a 
larger anchoring energy with respect to liquid crystal molecules are provided in any area of the pixel regions, these 
regions serve as transition seeds, the initial orientation of the liquid crystal not being affected. 

[0153] The transition seed generation regions should be provided such that each pixel region in the liquid crystal 
layer has at least one of the transition seed generation regions. It this way, a transition seed is generated in each of 
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the pixel regions. ~i 

[0154] It is possible that the one orientation film be a thin film formed of a group of silane-based compound each 

having a photosensitive group, the group being bonded and fixed on one of the substrates. 

[0155] It is possible that the silane-based compound molecules comprise a linear hydrocarbon chain. 

[01 56] A photosensitive group portion in the thin film component molecules may be polymerized and fixed in a desired 

direction. 

[0157] The orientation film may be a monomolecular film. 

[01 58] The photosensitive group portion may be cinnamoyl groups or chalconyl groups. 

[0159] The present invention provides a method of producing a liquid crystal display element having a liquid crystal 
layer oriented in splay alignment provided between a pair of substrates with electrodes, each substrate having an 
orientation film, the method comprising the steps of: forming an orientation film comprising thin film components each 
having a photosensitive group on at least one of the substrates; carrying out an orientation treatment that utilizes a 
photoalignment method on the orientation film wherein irradiation conditions are varied to form regions having a larger 
anchoring energy with respect to liquid crystal molecules than do other regions; adhering the substrates together; and 
injecting a liquid crystal between the substrates to form a liquid crystal layer; whereby transition seed generation regions 
for accelerating a transition from splay alignment to bend alignment with application of a voltage to the electrodes are 
provided in the liquid crystal layer, the transition seed generation regions being formed by the regions of the orientation 
film having a large anchoring energy. 

[0160] This production method also makes it possible to produce a liquid crystal display element similar to that pro- 
duced by the production method of invention group 2-3. 

[0161] It is possible that the step of carrying out an orientation treatment be such that polarized light having a greater 
irradiation intensity than polarized light applied to the other regions is applied to specified regions to form the regions 
of the orientation film having a large anchoring energy with respect to liquid crystal molecules. 

[01 62] It is possible that the step of carrying out an orientation treatment be such that polarized light having a smaller 
angle of incidence than polarized light applied to the other regions is applied to specified regions to form the regions 
of the orientation film having a large anchoring energy with respect to liquid crystal molecules in the specified regions^ 
[0163] It is possible that the step of carrying out an orientation treatment be such that a silane-based compound 
having photosensitive groups is contacted to the substrate surface under a dry atmosphere, whereby the silane-based 
compound is chemisorbed to the substrate surface. 

[0164] it is possible to carry out the steps of removing unadsorbed silane-based compound by washing surfaces of 
the substrates having the orientation films formed thereon using a washing solution immediately after the step of forming 
orientation films; and temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by 
standing the washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate sur- 
faces; so that the draining direction is made parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

(5) The Second Invention Group 

[0165] In order to achieve the objects described above, the fifth invention group provides a liquid crystal display 
element in which regions of orientation films provided on opposed substrates induce different pretilt angles in the liquid 
crystal molecules in correspondence with orientation anisotropics of the films and have different anchoring energies. 
It also provides a method of producing a pixel. 

[01 66] In order to achieve the objects described above, the present invention provides a liquid crystal display element 
comprising a liquid crystal sandwiched between two opposed substrates each having an orientation film, wherein the 
two orientation films comprise molecules having a photosensitive group and have different orientation anisotropics 
from one another, the molecules having been irradiated with polarized light, and wherein a pretilt angle of liquid crystal 
molecules corresponding to the orientation anisotropy of the orientation film provided on an inner side of one of the 
opposed substrates differs from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy 
of the orientation film provided on an inner side of the other opposed substrate and an anchoring energy, with respect 
to liquid crystal molecules, of the orientation film on the inner side of the one of the opposed substrates differs from 
an anchoring energy, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the 
other of the opposed substrates. 

[0167] By making different the conditions of polarized light irradiation, the pretilt angle induced on liquid crystal mol- 
ecules in correspondence with orientation anisotropy and the anchoring energy with respect to liquid crystal molecules 
of each orientation film can be made different. According to this construction of the present invention, it is possible to 
make different the pretilt angle induced on liquid crystal molecules in correspondence with orientation anisotropy and 
the anchoring energy with respect to liquid crystal molecules of each orientation film by making different the conditions 
of polarized light irradiation. 
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[01 68] It is also possible that the molecules comprise a photosensitive group, the molecules having been irradiated 
with polarized light of different irradiation intensity. 

[0169] The molecules may comprise a photosensitive group, the molecules having been irradiated with polarized 
light applied at different angles to the substrates. 

5 [0170] The present invention provides a method of producing a liquid crystal display element comprising the steps 
of' forming thin films on a pair of substrates using molecules having at least a photosensitive group; carrying out an 
orientation treatment by irradiating one of the thin films and the other of the thin films with polarized light under different 
irradiation conditions so that the orientation anisotropy of the one thin film and that of the other thin film are made 
different- forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 

w injection port- adhering the substrates together; and injecting a liquid crystal between the substrates through the liquid 
crystal injection port to form a liquid crystal layer; whereby regions are formed in which a pretilt angle of liquid crystal 
molecules corresponding to the orientation anisotropy of an orientation film provided on an inner side of one of the 
opposed substrates differs from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy 
of an orientation film provided on an inner side of the other opposed substrate and an anchoring energy region, with 

15 respect to liquid crystal molecules, of the orientation film on the inner side of the one of the opposed substrates differs 
from an anchoring energy region, with respect to liquid crystal molecules, of the orientation film provided on the inner 
side of the other of the opposed substrates. 

[0171] Such a construction makes it possible to produce a liquid crystal display element in which each of the orien- 
tation films induces a pretilt angle in liquid crystal molecules corresponding to the orientation anisotropy of the onen- 
20 tation film and has an anchoring energy with respect to liquid crystal molecules. 

[0172] It is possible that the irradiation be such that the one of the thin films and the other of the thin films are irradiated 
with polarized light of different irradiation intensity. 

[0173] The irradiation may be such that the one of the thin films and the other of the thin films are irradiated with 
polarized light having parallel planes of polarization and different angles of incidence with respect to surfaces of the 

25 substrates. , 

[0174] One of the opposed substrates may have opposed electrodes on a surface thereof, and the orientation treat- 
ment may be carried out under orientatio n conditions such that the pretilt angle of liquid crystal molecules corresponding 
to the orientation anisotropy of the orientation film provided on the inner side of the one opposed substrate is made 
greater than the pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation 

30 film provided on the inner side of the other opposed substrate and the anchoring energy, with respect to liquid crystal 
molecules, of the orientation film provided on the inner side of the one opposed substrate is made greater than the 
anchoring energy, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other 
opposed substrate. 

35 (6) The Sixth Invention Group 

[0175] In order to achieve the objects described above, the sixth invention group provides a liquid crystal display 
element in which regions of an orientation film provided on a same substrate induce different pretilt angles in the liquid 
crystal molecules and have different anchoring energies with respect to liquid crystal molecules, such as to correspond 

40 to orientation anisotropics of the film. It also provides a method of producing such a liquid crystal display element. 
[0176] The present invention provides a liquid crystal display element comprising a liquid crystal sandwiched between 
two opposed substrates each having an orientation film, wherein at least one of the orientation films comprises mole- 
cules having a photosensitive group and has at least two regions with different orientation anisotropics, the molecules 
having been irradiated with polarized light, and wherein pretilt angles of liquid crystal molecules and anchoring energies, 

45 with respect to liquid crystal molecules, of the orientation film are different such as to correspond to the orientation 
anisotropies of the regions of the orientation film. 

[01 77] Such a construction makes in possible to produce a liquid crystal display element in which each of the orien- 
tation films induces a pretilt angle in liquid crystal molecules and has an anchoring energy with respect to liquid crystal 
molecules such as to correspond to orientation anisotropies of the orientation film. 
so [01 78] it is possible, for example, that the irradiation of polarized light be such that the one of the thin films and the 
other of the thin films are irradiated with polarized light of different irradiation intensity. 

[0179] The orientation film having the at least two regions with different orientation anisotropies may be provided on 
an inner side of each of the opposed substrates such that regions of the orientation films having a same orientation 
anisotropy being opposed to one another. 
55 [0180] The present invention provides a method of producing a liquid crystal display element comprising the steps 
of: forming thin films on a pair of substrates using molecules having at least a photosensitive group; carrying out an 
orientation treatment by irradiating different areas of at least one of the thin films with polarized light under different 
irradiation conditions to form at least two regions having different orientation anisotropies on the at least one of the 
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thin films; forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; adhering the substrates together; and injecting a liquid crystal between the substrates through the liquid 
crystal injection port to form a liquid crystal layer; whereby regions are formed in which a pretilt angle of liquid crystal 
molecules corresponding to the orientation anisotropy of an orientation film provided on an inner side of at least one 
of the opposed substrates differs from a pretilt angle of liquid crystal molecules corresponding to the orientation ani- 
sotropy of an orientation film provided on an inner side of the other opposed substrate and an anchoring energy region, 
with respect to liquid crystal molecules, of the orientation film on the inner side of the one of the opposed substrates 
differs from an anchoring energy region, with respect to liquid crystal molecules, of the orientation film provided on the 
inner side of the other of the opposed substrates. 

[0181] The irradiation may be such that different areas of at least one of the thin films are irradiated with polarized 
light of different irradiation intensity. 

[0182] The irradiation may be such that different areas of at least one of the thin films are irradiated with polarized 
light having parallel planes of polarization and different angles of incidence with respect to surfaces of the substrates. 

(7) The Seventh Invention Group 

[0183] in order to achieve the objects described above, the seventh invention group provides a liquid crystal display 
element in which liquid crystal is not injected into portions that do not contribute to image display. It also provides a 
method of producing such a liquid crystal display element. 

[0184] In order to achieve the second object, the present invention provides a liquid crystal display element com- 
prising a liquid crystal sandwiched between two opposed substrates each having an orientation film, wherein at least 
one of the orientation films comprises molecules having a photosensitive group and has at least two regions with 
different orientation anisotropies, the molecules having been irradiated with polarized light, and wherein contact angles 
between the liquid crystal and the orientation film are different such as to correspond to the orientation anisotropies of 
the regions of the orientation film. 

[0185] By varying contact angle between the liquid crystal and the orientation film, portions into which it is easy to 
inject liquid crystal and portions into which it is difficult to inject liquid crystal are formed. 
[0186] Polarized light of differing irradiation intensities may be applied. 
[0187] Polarized light may be applied at different angles to the substrates. 

[0188] The contact angle in a display region may be larger than the contact angle in a portion other than the display 

region. In such a way, liquid crystal is not injected into the portion other than the display region. 

[0189] The contact angle in the portion other than the display region should be 40° or larger from a surface of the 

orientation film, as such a contact angle is sufficient for preventing the injection of liquid crystal. 

[0190] The liquid crystal should not be filled into the portion other than the display portion. 

(8) The Eighth Invention Group 

[0191] In order to achieve the objects described above, the eighth invention group provides an optically anisotropic 
film, for use in a liquid crystal display element having more than one liquid crystal orientation, which contributes to the 
realization of a liquid crystal display element that has no coloration and excellent display characteristics. It also provides 
a method of producing such an optically anisotropic film. 

[0192] In order to realize the objects described above, the present invention provides an optically anisotropic film 
formed of a liquid crystal polymer that is optically positive and uniaxial and of a polymerizable polymer, the film com- 
prising at least two regions in which different orientation structures are fixed, the orientation structures having been 
formed when the liquid crystal polymer was in a liquid crystal state. 

[0193] With such a construction, because there are at least two regions in which different orientation structures are 
fixed, an optically anisotropic film is provided having liquid crystal polymer with an optimum pretilt, this pretilt corre- 
sponding to the pretilt of each region of the liquid crystal display element having more than one liquid crystal orientation. 
[0194] The liquid crystal polymer may have a twist angle. 

[0195] It is preferable that the liquid crystal polymer be a cholesteric liquid crystal polymer or a discotic liquid crystal 
polymer. 

[0196] The present invention provides a method of producing an optically anisotropic film, comprising the steps of: 
forming thin films on a pair of substrates using molecules having at least a photosensitive group; carrying out an 
orientation treatment by irradiating different areas of at least one of the thin films with polarized light under different 
irradiation conditions to form at least two regions having different orientation anisotropies in the at least one of the thin 
films; adhering the substrates together; injecting a polymerizable polymer and a liquid crystal polymer between the 
substrates through the injection port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
polymerizing the polymerizable polymer and the liquid crystal polymer. 
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[0197] Because the liquid crystal polymer is oriented by the orientation anisotropy of the orientation film, an optically 
anisotropic film can be produced that corresponds to the pretilt of the liquid crystal in a liquid crystal display element 
having more than one liquid crystal orientation. 

[01 98] The irradiation of polarized light may be such that different areas of at least one of the thin films are irradiated 

5 with polarized light of different irradiation intensity. 

[0199] Different areas of at least one of the thin films may be irradiated with polarized light having parallel planes of 
polarization and at least two different angles of incidence with respect to surfaces of the substrates. 
[0200] Different areas of at least one of the thin films may be irradiated with polarized light having parallel planes of 
polarization and at least different incidence directions with respect to surfaces of the substrates. 

10 [0201 ] In opposing regions of opposed orientation films, groups of molecules making up the thin films may be oriented 
in different directions such that a twist angle is formed. 

(9) The Ninth Invention Group 

15 [0202] In order to achieve the objects described above, the ninth invention group provides a liquid crystal display 
element with improved display characteristics. 

[0203] In order to realized the objects, the present invention provides a liquid crystal display element comprising a 
liquid crystal layer sandwiched between two opposed substrates each having an orientation film, wherein the display 
element comprises an optically anisotropic film formed of a liquid crystal polymer that is optically positive and uniaxial 
20 and of a polymerizable polymer, the optically anisotropic film having at least two regions in which different orientation 
structures are fixed, the orientation structures having been formed when the liquid crystal polymer was in a liquid crystal 
state. 

[0204] This construction makes it possible to provide a liquid crystal display element with improved display charac- 
teristics by employing an optically anisotropic film that corresponds to regions having more than one liquid crystal 
25 orientation. 

[0205] It is possible that each pixel of the liquid crystal display element have a plurality of regions in which liquid 
crystal molecules are oriented in different orientation states. 

[0206] it is possible that the orientation state of the liquid crystal molecules be divided into a plurality of regions by 
use of orientation films having more than one liquid crystal orientation. 
30 [0207] The orientation structure of the optically anisotropic film may vary in correspondence with regions in which 
the liquid crystal molecules are oriented in different orientation states. 

[0208] It is possible that the pretilt direction of liquid crystal molecules in each of the regions and the direction of the 
director of molecules of the liquid crystal polymer formed with the film plane differ by 1 80°. 

[0209] A plurality of regions, in each of the regions, in which liquid crystal molecules have a different twist, and a 
35 plurality of regions, in the optically anisotropic film, in which the liquid crystal polymer has a different twist may be 
matched. 

[0210] The twist of liquid crystal molecules in each of the regions and the twist of the liquid crystal polymer in the 

optically anisotropic film may be the reverse of one another. 

[0211] The optically anisotropic film may be provided in a liquid crystal cell. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0212] 

45 Figs. 1 (a)-1 (b) are schematic views for illustrating an IPS mode liquid crystal display element in accordance with 

the present invention. 

Figs . 2(a)-2(e) are views schematically showing the main production steps of a method of producing a liquid crystal 
display element in accordance with an example of the present invention. 

Fig. 3 is a perspective view schematically showing a TN mode liquid crystal display element in accordance with 
so an embodiment of the present invention. 

Fig. 4 is a perspective view schematically showing the orientation state of liquid crystal molecules in one pixel. 
Fig. 5 is a perspective view for illustrating orientation treatment by an orientation film photoalignment method in 
the method of producing a liquid crystal display element mentioned above. 

Fig. 6 is a perspective view schematically showing an IPS mode liquid crystal display element in accordance with 
55 an embodiment of the present invention. 

Fig. 7 is a plan view schematically showing electrode pairs made up of a pixel electrode structure and a counter 
electrode structure in the liquid crystal display element mentioned above. 

Fig. 8 is a perspective view schematically showing the orientation state of liquid crystal molecules in the liquid 
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crystal display element mentioned above. 

Figs. 9(a)-9(b) are schematic cross sectional views showing the orientation state of liquid crystal molecules in first 
regions and a second region of the liquid crystal display element mentioned above: Fig. 7(a) shows the state of 
liquid crystal molecules when no voltage is being applied, and Fig. 7(b) shows the state of liquid crystal molecules 
5 when voltage is being applied. 

Fig. 10 is a perspective view illustrating orientation treatment by an orientation film photoalignment method in a 
method of producing the liquid crystal display element mentioned above. 

Fig. 11 is a perspective view schematically showing the orientation state of liquid crystal molecules in one pixel of 
an orientation film in accordance with the present invention. 
10 Fig. 12 is a perspective view illustrating orientation treatment by an orientation film photoalignment method in a 

method of producing the liquid crystal display element mentioned above. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 Examples of the First Invention Group 

[0213] In the following, the first invention group of the present invention is described in detail. Embodiment 1 

[021 4] The present embodiment in accordance with the first invention group of the present invention provides a liquid 

crystal display element having a liquid crystal sandwiched between two opposed substrates each having an orientation 

20 film, wherein the two orientation films are composed of molecules having a photosensitive group and have different 
orientation anisotropies from one another because the molecules have been irradiated with polarized light. The pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation film provided on the inner 
side of one of the opposed substrates differs from the pretilt angle of liquid crystal molecules corresponding to the 
orientation anisotropy of the orientation film provided on the inner side of the other opposed substrate. 

25 [0215] The orientation films are composed of a compound having photosensitive groups. When photosensitive 
groups are contained, it is made possible, by applying polarized light, to polymerize and fix the photosensitive groups 
in a desired direction, thereby imparting orientation anisotropy to the orientation film. 

[0216] Examples of compounds having photosensitive groups include polymers, such as polyvinyl alcohol, ethylene- 
vinyl alcohol copolymer, and polyimide-based resin, and their precursors. It is necessary that these polymers and their 
30 precursors have photosensitive groups such as cinnamoyl groups or chalconyl groups to serve as substitution groups. 
[0217] It is also possible to use a silane-based compound having photosensitive groups for the compound of the 
orientation film. This is desirable because such siiane-based compounds having photosensitive groups bond and fix 
to a substrate surface. 

[021 8] Examples of silane-based compounds usable in the present embodiment include the compounds listed below. 

35 

(1) SiY p CI 3 . p 

(2) CH 3 (CH 2 ) r SiY q CI 3 _ q 

(3) CH 3 (CH 2 ) s O(CH 2 ) t SiY q Cl 3 , q 

(4) CH 3 (CH2) u -Si(CH 3 ) 2 (CH 2 ) v SiY q CI 3 , q 
40 (5) CFC00 3 (CH 2 ) w SiY q CI 3 . q 

[0219] Note that p is an integer of 0-3, q is an integer of 0-2, r is an integer of 1-25, s is an integer of 0-12, t is an 
integer of 1-20, u is an integer of 0-12, v is an integer of 1-20, and w is an integer of 1-25. In addition, Y is one of 
45 hydrogen, an alkyl group, an alkoxyl group, a fluorine-containing alkyl group, and a fluorine-containing alkoxyl group. 
[0220] It is also possible to use a trichlorosi lane-based compound for the silane-based compound. Specifically, the 
compounds (6) to (14) shown below can be used. 

(6) CF 3 (CH 2 ) 9 SiCI 3 
so (7) CH 3 (CH 2 ) 9 OSiCl 3 

(8) CH 3 (CH 2 ) 9 Si(CH 2 ) 2 (CH 2 ) 10 SiCI 3 

(9) CH 3 COO(CH 2 ) 15 SiCI 3 
10) CF 3 (CF 2 ) 7 -(CH 2 ) 2 -SICI 3 
(11)CF 3 (CF 2 ) 7 -C 6 H 4 -SiCI 3 

55 (1 2) C 6 H 5 -CH=CH-CO-0-(CH 2 ) 6 -0-SiCI 3 

(1 3) C 6 H 5 -CO-CH=CH-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 

(14) C 6 H 5 -CH=CH-C0-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 
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[0221] Of the compounds listed above, the compound represented by expression (12) has a cinnamoyl group for 
the photosensitive group, and the compounds represented by the expressions (13) and (14) have a chalconyi group 
for the photosensitive group. 

[0222] Instead of the chlorosilane-based compounds, it is also possible to use an isocyanate-based compound hav- 
5 ing an isocyanate group or an alkoxy group in place of the chlorosilyl group. Specifically, examples include the com- 
pounds represented by the expressions (15) and (16) below in which the chlorosilane group in the chlorosilane of 
expression (6) is substituted with an isocyanate group or an alkoxy group. 

(15)CH 3 (CH 2 ) 9 Si(OC 2 H 5 ) 3 
10 (1 6) CH 3 (CH 2 ) 9 Si(NCO) 3 

[0223] By using an isocyanate-based compound or an alkoxy-based compound, the generation of hydrochloric acid 
is prevented when either of the compounds is contacted to a substrate and chemisorption is brought about. For this 
reason, TFTs or the like provided on the substrate are not damaged, and there is the additional advantage that these 

15 compounds are easy to use. 

[0224] Examples for an organic so Ivent that dissolves silane-based compounds include a hydrocarbon-based solvent 
that does not contain water, a fluorocarbon-based solvent, and a silicone-based solvent. Examples usable for a petro- 
leum-based solvent include petroleum naphtha, solvent naphtha, petroleum ether, petroleum benzene, isoparaffin, 
normal paraffin, decalin, industrial gasoline, kerosene, ligroin, dimethyl silicone, phenyl silicone, alkyl modified silicone, 

20 polyestersilicone, and the like. For a fluorocarbon-based solvent, a flon-based solvent, Fluorinert (tradename, available 
from 3M), Afluid (tradename, available from Asahi Glass Co., Ltd), or the like can be used. These solvents may be 
used individually or by mixing two or more solvents together supposing the solvents are compatible. In particular, 
silicone has little moisture and does not easily absorb moisture, and silicone serves to prevent direct contact of a 
chlorosilane-based compound with moisture by solvation of the chlorosilane-based compound. Thus, by employing a 

25 solvent that is composed of a chlorosilane-based compound and silicone, adverse effects caused by moisture in the 
atmosphere when the solvent is contacted to a substrate layer are prevented, making it possible to chemisorb the 
chlorosilane-based compound to the exposed OH groups on the substrate layer. 

[0225] On a substrate, in addition to pixel electrodes and counter electrodes, wiring composed of an ITO film or an 
Al film, TFTs, and a protective film composed of an Si0 2 film or SiN x are provided in advance. On the counter substrate, 

30 a color filter composed of, for example, an acrylic-based or silicone-based polymer film is provided. Spacers composed 
of an acrylic-based or silicone-based polymer material are integrally formed with either the substrate or the counter 
substrate so as to be provided thereon. Of all the members described above, because the distribution density of OH 
groups, which serve as adsorption sites, is high on the surfaces of the Si0 2 or SiN x film, even more of the silane-based 
compound molecules can be adsorbed. Thus, it is made possible to form orientation films that are excellent in terms 

35 of orientation characteristics. By contrast, the distribution density of OH groups on the wiring and the electrodes, which 
are composed of an ITO film or an Al film, the TFTs, and the like is low. As for the color filter and the spacers, OH 
groups are almost nonexistent. Thus, in order to adsorb a silane-based compound to the surfaces of these members 
also and to form an orientation film having high quality film characteristics, it is necessary to carry out a hydrophilization 
treatment to increase the number of adsorption sites. In the present embodiment, various known methods may be 

40 employed for the hydrophilization treatment. Specifically, examples include a method wherein an Si0 2 or SiN x film is 
formed on regions to be made hydrophilic, a UV-0 3 treatment wherein ultraviolet is applied under an ozone atmosphere, 
or the like. 

[0226] A method of producing a liquid crystal display element in accordance with the present invention is now de- 
scribed. In this example, for the orientation films, monomolecularthin films composed of chemisorbed groups of silane- 

45 based compound molecules are described. 

[0227] First, pairs of opposed electrodes are formed on a substrate by a known method. A silane-based compound 
(chemisorption substance) having at least a photosensitive group is then dissolved in a nonaqueous organic solvent 
and a chemisorption solution is prepared. This chemisorption substance is then contacted to the substrates and the 
molecules of the chemisorption substance in the chemisorption solution are chemisorbed to the substrate surfaces. 

50 [0228] For example, when a compound provided with a photosensitive group and a trichlorosilane group, specifically 
C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH2) 6"0-SiCI 3 , > s used for the silane-based compound, the chemisorption reaction repre- 
sented by chemical reaction formula (1) occurs. In short, the chlorosilyl groups in the compound and OH groups on 
the substrate surfaces undergo a dehydrochlorination reaction, whereby the compound is chemisorbed to the substrate 
surfaces. 

55 

C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 + HO-substrate -> 
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C 6 H 5 -CH-CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 2 -0-substrate + HCI (1) 

Because the silane-based compound is highly reactive with water, the silane-based compound is deactivated when 
5 contained in a chemisorption solution having a lot of moisture. Therefore, in order that the chemisorption reaction be 

made to progress smoothly, it is desirable to use a nonaqueous solvent that does not contain active hydrogen groups 

such as OH groups and also to carry out the contacting of the solution with the substrate surfaces in a dry atmosphere. 

In addition, a portion of the silane-based compound may remain in an undissolved state. A chemisorption solution in 

a supersaturated state is an example of such a solution. 
10 [0229] When polymer orientation films are used for the orientation films, a variety of known methods may be employed 

for the method of forming the films. Specifically, a polymer orientation film can be formed by applying, for example, an 

orientation material containing a polymer precursor or the like having a photosensitive group, to a substrate surface 

and subsequently, drying and baking the substrate. 

[0230] After the step of forming the orientation films, a step of washing the substrates is carried out to remove un- 

15 adsorbed silane-based compound on the substrates and form monomolecular orientation films. Examples of washing 
methods that may be employed in this step include an immersion method, a steam washing method, and the like. The 
steam washing method is particularly effective in that excess unadsorbed silane-based compound on the front surface 
of the substrate can be forcibly removed by the penetrating power of the steam. It should be noted that when a chio- 
rosilane-based compound, a variety of silane-based compound, is used for the chemisorption substance, it is desirable 

20 to use chloroform or N-methyl-2-pyrrolidinone for the washing solution. This is because chloroform is excellent for 
removing chlorosilane polymer that is formed by the reaction between chlorosilane-based compound and water. 
[0231] After the step of washing, the substrates are then lifted from the washing container and left to drain and dry 
in a fixed upright position. Thus, the washing solution is drained only in the direction of gravity, making it possible to 
temporarily orient the chemisorbed molecules making up the thin films in the draining and drying direction. In particular, 

25 washing solutions having a boiling point of 200°C or less are desirable as these solutions have excellent drying prop- 
erties following draining. As another method of draining and orienting applicable to the present embodiment, gas is 
sprayed on the substrate surfaces to bring about the draining of the washing liquid. With this method, the washing 
solution can be drained in a short period and only in the direction in which the gas is sprayed. In particular, use of a 
washing solution having a boiling point of 150°C or higher is effective because the washing solution can be drained 

30 by the spraying of the gas without evaporation. 

[0232] An orientation treatment (photoalignment with polarized light step) is carried out on the orientation films formed 
on the substrates by a photoalignment method. Unlike the conventional rubbing treatment, this photoalignment method 
eliminates the need for masking in which a protective film is used, making it possible to simplify the production process 
and prevent contamination and the like of the orientation films by protective films. There is also no generation of dust 

35 and the like as there is when rubbing is carried out. 

[0233] The orientation films are thin films composed of chemisorbed groups of silane-based compound molecules 
and have constructions such that most of the thin film component portion is exposed in an orderly manner on the 
surfaces. For these reasons, the films are sensitive to polarized light and can be provided with orientation anisotropy 
by low intensity polarized light irradiation. In addition, because the orientation films are ultrathin films, occurrence of 

^0 driving voltage loss, sticking, and the like is reduced, making it possible to realize an improvement in display charac- 
teristics. 

[0234] Specifically, photoalignment is brought about by the following method. This method is described with reference 
to Fig. 1 . First, one of the substrates of a pair of opposed substrates, a substrate 1 , is irradiated with polarized ultraviolet 
light having a wavelength distribution in the neighborhood of 300 nm to 400 nm. The polarized ultraviolet light is applied 

45 jn a direction that forms an angle of 91 with the substrate along the draining direction. 

[0235] The other substrate, a substrate 2, is then irradiated with polarized ultraviolet light. The polarized ultraviolet 
light is applied in a direction that forms and angle of 02 with the substrate along the draining direction. 
[0236] The planes of polarization of the polarized ultraviolet light line up with the draining direction from the draining 
step (in other words, with the thin film component portion). The irradiation intensity of the polarized ultraviolet light 

50 should be within the range of 50 mJ/cm 2 to 3000 mJ/cm 2 (wavelength: 365 nm). Specifically, when the pretilt angles 
of the liquid crystal molecules are controlled by the irradiation intensity of polarized ultraviolet light, it is necessary that 
irradiation intensity be set such that the irradiation intensity of the former polarized ultraviolet light be smaller than the 
irradiation intensity of the latter polarized ultraviolet light. The directions in which the polarized ultraviolet light is applied 
are set so as to form, along the draining direction, an angle of G1 and 02 within the range of 0° to 90° and more preferably 

55 within the range of 45° to 90°. Specifically, when the pretilt angles of the liquid crystal molecules are controlled by the 
irradiation intensity of polarized ultraviolet light, it is necessary to set 61 formed by the polarized ultraviolet light so as 
to be greater than G2 formed by the polarized ultraviolet light. 
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[0237] In this way, by carrying out photo alignment treatment with polarized light, photosensitive groups in the thin 
film component molecules of the orientation films can be selectively photopolymerized, making it possible to induce 
crosslinking of the thin film components on the substrate surfaces in a direction parallel to the polarization direction. 
Furthermore, orientation substrates having different pretilt angles may be formed on each of the substrates of the pair 
5 of opposed substrates. In addition, by appropriately setting the irradiation intensity of the polarized ultraviolet light and 
the direction in which the polarized ultraviolet light is applied, orientation films capable of controlling the orientation of 
the liquid crystal molecules at a specified pretilt angle can be consistently reproduced. 

[0238] The pretilt angle of liquid crystal molecules associated with one of the substrates should be approximately 1 ° 
to 1 0° and the pretilt angle of liquid crystal molecules associated with the other of the substrates approximately 1° to 9°. 

10 [0239] The pair of substrates are then positioned at a specified distance with the film-formed sides on the inside, 
and the perimeters of the substrates are adhered and fixed together to fabricate an empty cell. A liquid crystal cell is 
then fabricated by injecting a liquid crystal into the empty cell, and subsequently, a liquid crystal display element of the 
present invention is fabricated by sandwiching the liquid crystal cell between a pair of polarizers. 
[0240] As described above, in the method of producing a liquid crystal display element according to the present 

15 embodiment, the carrying out of an orientation treatment by the photoalignment method eliminates the need to form a 
photoresist (protective film) by photolithography as was necessary in carrying out of the conventional rubbing method. 
As a result, along with realizing a simplification in the production process, the formation and exfoliation of a photoresist 
becomes unnecessary, making it possible to prevent degradation of the surface of the orientation films. Furthermore, 
the generation of dust, which is a problem with rubbing treatment, does not arise with the photoalignment method, 

20 making it possible to prevent contamination of the orientation films. 

[0241] In addition, with the photoalignment method, the fact that the irradiation intensity of polarized ultraviolet light, 
the polarization direction, and the direction of applied light can be controlled makes it possible to carry out an orientation 
treatment on the orientation films such that the orientation of the liquid crystal molecules is fixed in a desired direction 
and at a desired pretilt angle. In comparison with rubbing treatment, this orientation treatment can be reproduced very 

25 consistently, making it excellent for volume production. 

Example 1 

[0242] First, the construction of an IPS mode liquid crystal display element is described. As is shown in Fig. 1 , a first 

30 substrate 35 has a first electrode group 31 arranged in a comb-shape, a TFT group 32 for driving this electrode group, 
a second electrode group 33 arranged in a comb-shape so as to be opposed to the first electrode group 31 , wiring for 
connecting these members, and the like, a second substrate 38 has a color filter group 37 arranged so as to be opposed 
to the first substrate 35, and liquid crystal orientation films 36 are on each of the substrates. The orientation direction 
of the liquid crystal film 36 of both the first and the second substrates is induced parallel to the comb-shaped electrodes. 

35 The first and second substrates 35 and 38 are fixed such that beads are dispersed in a central portion of the electrodes 
and the color filter 37, and though not shown in Fig. 1 , an adhesive containing spacers 39 is applied to the edge, and 
the gap set at approximately 3 u.m. A homogeneous liquid crystal 40 is injected in the space between the first substrate 
and the second substrate, and first and second polarizers are fixed on the outer side of the first and the second sub- 
strates so as to be in a crossed nicols relation (so that the directions of polarized light that can pass through are 

^0 perpendicular to one another). 

[0243] The principle behind driving an IPS mode liquid crystal display element is now described. When driving is in 
an OFF state (Fig. 1(a)), the homogeneous liquid crystal 40 is oriented parallel to the comb-shaped electrodes, and 
polarized light, having been transmitted through the first polarizer 41, passes through the liquid crystal layer without 
its direction being changed in the liquid crystal layer. As a result the polarized light cannot pass through the second 

45 polarizer 42, which is in a crossed nicols relation with the first polarizer 41. Thus display is black (normally black). 
However when driving is switched to an ON state, liquid crystal in the vicinity of the first substrate rotates toward a 
direction perpendicular to that of the comb-shaped electrodes as the driving voltage is increased until the liquid crystal 
in the vicinity of the first substrate is oriented perpendicular to the comb-shaped electrodes. Liquid crystal above the 
substrate orients by application of an electric field so as to have a specified tilt. By contrast, liquid crystal in the vicinity 

50 of the second substrate remains oriented parallel to the comb-shaped electrodes. Thus, a twist is created in the liquid 
crystal layer, eventually becoming a twist of 90°. Because its polarization direction is twisted by the optical rotation of 
the liquid crystal in the liquid crystal layer, polarized light, having passed through the polarizer 1 , passes through the 
liquid crystal layer, until finally, the light has completely passed through the liquid crystal layer, the polarization direction 
having been twisted by 90°. As a result, the polarized light can now pass through the second polarizer, which is in a 

55 crossed nicols relation with the first polarizer, and the display changes from black to white. However, when the driving 
voltage is increased more than this, the liquid crystal in the vicinity of the second substrate orients perpendicular to 
the comb-shaped electrodes and the twist in the liquid crystal layer is lost, whereby the display becomes black once 
again. 
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[0244] With the construction of the present embodiment, the liquid crystal molecules on the substrate are oriented 
at a relatively large pretilt angle, and therefore, when driving is switched to an ON state, orientation is realized quickly 
and response speed improved. 

[0245] First, for the formation of orientation films, a solution for the fabrication of orientation films was prepared. 
5 Specifically, C 6 H 5 -CH=CH-CO-0-(CH 2 ) 6 -0-SiCI 3 was mixed and dissolved in hexamethyldisiloxane under a dry at- 
mosphere to form a 10 -3 mol/L solution. 

[0246] As is shown in Fig. 2(a), a substrate for IPS mode was provided and the solution described above applied to 
the substrate surface under a dry atmosphere (relative humidity of 5% or less). A printing press was used in the ap- 
plication. The thickness of the applied film was made to be approximately 1 um After the hexamethyldisiloxane con- 
10 tained in the applied film was evaporated, the substrate was then baked for a specified length of time to form an 
orientation film (see Fig. 2(b)). 

[0247] The substrate having an orientation film formed thereon was then immersed in chloroform, a nonaqueous 
solvent, and the substrate was washed (washing step, see Fig. 2(c)). In a fixed upright position, the substrate was then 
lifted from the chloroform and the chloroform was drained (draining orientation step, see Fig. 2(d)). The draining direc- 
ts tion was made to be parallel to the direction of the long side of the comb-shaped electrode portions provided on the 
substrate. Thus, molecules making up the orientation film were inclined in the draining direction, the direction opposite 
to the direction of lifting, and oriented accordingly. The same process was carried out on the other substrate. 
[0248] After the draining orientation step, the substrate having the comb-shaped electrodes was irradiated with po- 
larized ultraviolet light. The polarization direction of the ultraviolet light was lined up with the draining direction, but the 
20 direction of the applied light was set so as to form a 45° angle with the substrate surface along the draining direction. 
Irradiation intensity was set at 400 mJ/cm 2 . 

[0249] The other substrate was irradiated with polarized ultraviolet light under the following conditions. The polari- 
zation direction of the ultraviolet light was lined up with the draining direction, but the direction of applied light was set 
so as to be perpendicular to the substrate surface along the draining direction. Irradiation intensity was the same as 
25 the above. 

[0250] Spacers were then dispersed on one of the substrates and sealing material was applied on the perimeter of 
one of the substrates so that the application formation was a frame shape. The substrate and the counter substrate 
were then adhered together. In this process, the orientation treatment direction of the orientation film provided in one 
substrate and the orientation treatment direction of the orientation film provided in the counter substrate were positioned 
30 so as to be parallel to one another. 

[0251] A liquid crystal material was then injected between the substrate and the counter substrate to form a liquid 
crystal display element A of the present invention. 

Comparative Example 1 

35 

[0252] In the present comparative example 1, the irradiation of both the substrate and the counter substrate with 
polarized ultraviolet light was such that the polarization direction of the ultraviolet light was lined up with the draining 
direction, and except for the fact that the direction of applied light was set so as to be perpendicular to the substrate 
surface along the draining direction, a liquid crystal display element B for comparison was fabricated in the same 
40 manner as the element of example 1 . 

Conditions of film fabrication and display characteristics 

[0253] Pretilt angle and response speed of the liquid crystal during operation were measured in the liquid crystal 
45 display element A of the present invention and in the liquid crystal display element B for comparison, respectively. The 
results are shown in Table 1 . Note that response speed was obtained by measuring the response time for a change 
in transmissivity from 10% to 90%. 



Table 1 



Liquid crystal display element 


A 


B 


Pretilt angle at substrate 


5° 


3° 


Pretilt angle at counter substrate 


3° 


3° 


Response speed (ms) 


30 


40 



[0254] As is understood from Table 1 , in the liquid crystal display element A of the present invention, the pretilt angle 
of liquid crystal molecules of the substrate having the comb-shaped electrodes was approximately 5°. On the other 
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hand, the pretilt angle of liquid crystal molecules of the substrate having the counter electrode was approximately 3°. 
The response speed of was approximately 30 ms. By contrast in the liquid crystal display element B for comparison, 
the pretilt angle of liquid crystal molecules of the substrate having the comb-shaped electrodes and the pretilt angle 
of liquid crystal molecules of the substrate having the counter electrode were approximately 3°. The response speed 
5 was approximately 40 ms. Thus, it is shown that the liquid crystal display element A of the present invention is superior 
to the liquid crystal display element B for comparison in terms of response speed. 

Examples of the Second Invention Group 

w [0255] Embodiments in the second invention group are basically like that of embodiment 1 . However, in the embod- 
iments of the second invention group, an orientation treatment step is such that at least two regions having differing 
orientation anisotropies are formed on at least one of the thin films. In other words, in embodiment 1 , it was suitable 
to carry out an orientation treatment for each substrate, but in the embodiments of the second invention group, a 
photomask is used to form at least two regions having differing orientation anisotropies on the same substrate. 

15 

Embodiment 2-1 

[0256] In the following, the present embodiment is described with reference to Figs. 3-6. Parts not essential to the 
description have been omitted, and for the sake of convenience in the description, some parts have been enlarged, 
20 reduced, or the like. 

[0257] The present embodiment suppresses the generation of disclination and realizes an improvement in display 
characteristics such as contrast by providing, in a twisted nematic orientation mode liquid crystal display element, a 
transverse electric field suppressing region around the perimeter portion of each of pixel regions of the liquid crystal 
layer. Specifically, in order to realize these transverse electric field suppressing regions, the pretilt angle of liquid crystal 

25 molecules of the perimeter portions of the pixel regions is made larger than the pretilt angle of liquid crystal molecules 
of regions other than the perimeter portions (hereinafter referred to as inner regions). Using Fig. 3, a TN mode liquid 
crystal display element of the present invention is described below. Fig. 3 is a perspective view that schematically 
shows the TN mode liquid crystal display element. Fig. 4 is a perspective view schematically showing the orientation 
state of liquid crystal molecules in one pixel. 

30 [0258] A liquid crystal display element 1 0 has a substrate 1 , a counter substrate 2 opposed to the substrate 1 , and 
a liquid crystal layer 3 provided between the substrate 1 and the counter substrate 2. A glass substrate, for example, 
may be used for the substrate 1 and the counter substrate 2. 

[0259] On the inner side of the substrate 1 , pixel electrodes 4 are arranged in a matrix, and bus lines (wiring), TFTs, 
and the like (not shown in figures) are formed. On the inner surface of the pixel electrodes 4'and the like, an orientation 

35 film 6 for orienting the liquid crystal molecules in the direction shown by the arrow X is formed. On the inner surface 
of the counter substrate 2, a counter electrode 5 is provided, and on the inner surface of the counter electrode 5, an 
orientation film 6 for orienting liquid crystal molecules in the direction shown by the arrow Y is formed. Electrodes 
composed of ITO (indium tin oxide) or like may be employed for the pixel electrodes 4 and the counter electrode 5. 
[0260] The orientation film 6 has, for every pixel electrode, a high pretilt angle region 6a for orienting liquid crystal 

40 molecules at a high pretilt angle and a low pretilt angle region 6b for orienting liquid crystal molecules at a low pretilt 
angle (see Fig. 4). The high pretilt angle region 6a is provided in a rectangular frame-shape corresponding to the 
perimeter portion of a given pixel region. The low pretilt angle region 6b is provided so as to correspond to the inner 
region, the region other than the perimeter region. The high pretilt angle region 6a may be a frame-shaped region 
having a width within the range of 5 u,m x 20 u,m when the pixel region is for example, 200 urn x 200 um. When the 

45 width of the high pretilt angle region 6a is less than 5 u.m, disclination cannot be sufficiently suppressed, making such 
a width undesirable. On the other hand, when greater than 20 \vm, coloration is observed, making such a width unde- 
sirable. It should be noted that instead of making the high pretilt angle region 6a into a rectangular frame-shaped region, 
it may be made into a circular frame-shaped region. In addition, in the present embodiment, while the formation regions 
of the pixel electrodes 4 was matched with the pixel regions for the sake of convenience in the description, it is no 

so problem to define the pixel regions as regions enlarged to include positions for the formation of bus lines provided 
around the regions. 

[0261] The orientation film is composed of a group of adsorbed molecules (thin film component molecules) that are 
chemisorbed to the substrate surface and is a monomolecular chemisorbed film having a construction such that a 
photosensitive group portion of the adsorbed molecules is polymerized and fixed in a specified direction. In addition, 
55 the thin film has a construction wherein the thin film components are inclined and oriented in the direction shown by 
arrow A in Fig. 4, and the photosensitive group portion is polymerized in the same direction. Thus, the orientation film 
6 differs from orientation films intended for multidomain-type displays in that the orientation controlling direction induced 
in the liquid crystal molecules is the same for both the high pretilt angle region 6a and the low pretilt angle region 6b. 
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The thin film component molecules are adsorbed in a state wherein the inclination angle of the thin film component 
molecules (the angle formed by the long axis of the thin film component molecules and the substrate surface) in the 
high pretilt angle region 6a is smaller than the inclination angle of the thin film component molecules in the low pretilt 
angle region 6b. 

5 [0262] The orientation film 6 is a monomolecularchemisorbedfilm wherein a group of adsorbed molecules are chem- 
isorbed to the substrate surface. The group of adsorbed molecules includes at least adsorbed molecules having pho- 
tosensitive groups, the photosensitive group portion being polymerized and fixed in a specified direction. Because the 
adsorbed molecules are disposed in an orderly manner on the substrate, an orientation film having excellent orientation 
uniformity is realized. In addition, because the thickness of the film is the same as the length of the molecules due to 
10 the fact that it is a monomolecuiar film, the thickness of the film can be controlled very uniformly. Thus, it is made 
possible to reduce degradation of display characteristics such as variances in driving voltages, sticking, and the like 
which arise from unevenness in thickness. In employing an orientation treatment carried out using a photoalignment 
method described hereinafter, the dose of polarized ultraviolet light may also be reduced. This is because the aniso- 
tropic light reaction can be easily induced in a desired direction when photosensitive groups are exposed on the out- 
's ermost surface. It should be noted that the orientation film 6 is not limited to a monomolecuiar chemisorbed film, but 
that it is possible to employ, for example, polymer orientation films composed of polyvinyl, polyimide, or the like and 
having photosensitive groups. 

[0263] Cinnamoyl groups or chalconyl groups are suitable for the photosensitive groups. By providing such photo- 
sensitive groups, it is made possible to reduce the irradiation intensity of polarized ultraviolet light when photoalignment 

20 treatment is carried out and to shorten tact time. Chalconyl groups are particularly sensitive to ultraviolet light, and thus 
an even greater shortening of tact time can be realized. In addition, the molecular structure of the adsorbed molecules 
may have a linear hydrocarbon chain. When a linear hydrocarbon chain is contained, silane-based compound mole- 
cules can be disposed on a substrate in an orderly manner and adsorbed at a high density, thereby making it possible 
to realize an orientation film that is excellent in terms of orientation. It should be noted that while the orientation film 6 

25 has been described, for the most part, the same applies to the orientation film 7 provided on the counter substrate 2 side. 
[0264] The liquid crystal layer3 contains a liquid crystal having a positive dielectric anisotropy and has aTN alignment 
structure in which the long axes of the liquid crystal molecules form a continuous twist of 90° between the substrate 1 
and the counter substrate 2 as a result of the controlling of the orientation directions by the orientation films 6 and 7. 
In addition the liquid crystal layer 3 has a structure such that, around the perimeter of each pixel region, a frame-shaped 

so transverse electric field suppressing region where liquid crystal molecules are oriented at a high pretilt angle is provided, 
and liquid crystal molecules in inner regions, regions other than the transverse electric field suppressing regions, are 
oriented at a low pretilt angle. This is achieved by orienting liquid crystal molecules 8 in the vicinity of the high pretilt 
angle region 6a of the orientation film 6 at a pretilt angle of a degrees and liquid crystal molecules 9 in the vicinity of 
the low pretilt angle region 6b at a pretilt angle of p angles (see Fig. 4). By thus forming a transverse electric field 

35 suppressing region in every pixel region, even if this region is subject to a transverse electric field, alignment defects 
do not arise because molecules are oriented at a high pretilt angle in advance. Thus, a liquid crystal display element 
having good contrast and capable of suppressing the generation of disclination is realized. It should be noted that a 
transverse electric field suppressing region is provided in every pixel region in a frame-shape because a bus line is 
wired on all sides of each pixel region such that influence from a transverse electric field comes from all directions. 

40 [0265] It is desirable that a be in the range of 3° to 1 0°. When less than 3°, disclination is generated in liquid crystal 
molecules under the influence of a transverse electric field. On the other hand when greater than 10°, coloration is 
observed. It is desirable that p be in the range of 1 ° to 7°. When less than 1°, a reverse tilt is generated. On the other 
hand when greater than 7°, coloration is observed. Specifically, a and p are set such that a>p. 
[0266] A method of producing a liquid crystal display element 10 in accordance with the present invention is de- 

45 scribed. In this example, for the orientation films 6 and 7, monomolecuiar thin films composed of chemisorbed groups 
of silane-based compound molecules are described. 

[0267] First, pixel electrodes 4 are formed on a substrate 1 by a known method. A silane-based compound (chem- 
isorption substance) having at least a photosensitive group is then dissolved in a nonaqueous organic solvent and a 
chemisorption solution is prepared. This chemisorption substance is then contacted to the substrate 1 and the mole- 

50 cules of the chemisorption substance in the chemisorption solution are chemisorbed to the substrate surface. 

[0268] For example, when a compound provided with a photosensitive group and a trichlorosilane group, specifically 
C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCl 3 , is used for the silane-based compound, the chemisorption reaction repre- 
sented by chemical reaction formula (1) occurs. In short, the chlorosilyl groups in the compound and OH groups on 
the substrate surface undergo a dehydrochlorination reaction, whereby the compound is chemisorbed to the substrate 

55 surface. 

C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 + HO-substrate-> 
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C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 2 -0-substrate + HCi 



(1) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Because the silane-based compound is highly reactive with water, the silane-based compound is deactivated when 
contained in a chemisorption solution having a lot of moisture. Therefore, in order that the chemisorption reaction be 
made to progress smoothly, it is desirable to use a nonaqueous solvent that does not contain active hydrogen groups 
such as OH groups and also to carry out the contacting of the solution with the surface of substrate 1 in a dry atmosphere. 
In addition, a portion of the silane-based compound may remain in an undissolved state. A chemisorption solution in 
a supersaturated state is an example of such a solution. 

[0269] When a polymer orientation film is used for the orientation film, a variety of known methods may be employed 
for the method of forming the film. Specifically, a polymer orientation film can be formed by applying, for example, an 
orientation material containing a polymer precursor or the like having a photosensitive group, to a substrate surface 
and subsequently, drying and baking the substrate. 

[0270] After the step of forming the orientation film, a step of washing is carried out to remove unadsorbed silane- 
based compound on the substrate 1 and form a monomolecular orientation film. Examples of washing methods that 
may be employed in this step include an immersion method, a steam washing method, and the like. The steam washing 
method is particularly effective in that excess unadsorbed silane-based compound on the front su rface of the substrate 
can be forcibly removed by the penetrating power of the steam. It should be noted that when a chlorosilane-based 
compound, a variety of silane-based compound, is used for the chemisorption substance, it is desirable to use chlo- 
roform or N-methyl-2-pyrrolidinone for the washing solution. This is because chloroform is excellent for removing chlo- 
rosilane polymer that is formed by the reaction between chlorosilane-based compound and water. 
[0271] After the step of washing, the substrate 1 is then lifted from the washing container and left to drain and dry 
in a fixed upright position. Thus, the washing solution is drained only in the direction of gravity, making it possible to 
temporarily orient the chemisorbed molecules making up the thin film in the draining and drying direction. In particular, 
washing solutions having a boiling point of 200°C or less are desirable as these solutions have excellent drying prop- 
erties following draining. Another method of draining and orienting applicable to the present embodiment entails spray- 
ing gas on the substrate surface to bring about the draining of the washing liquid. With this method, the washing solution 
can be drained in a short period and only in the direction in which the gas was sprayed. In particular, use of a washing 
solution having a boiling point of 150°C or higher is effective because the washing solution can be drained by the 
spraying of the gas without evaporation. 

[0272] An orientation treatment (photoalignment with polarized light step) is carried out on the orientation film formed 
on the substrate 1 by a photoalignment method. Unlike the conventional rubbing treatment, this photoalignment method 
eliminates the need for masking in which a protective film is used, making it possible to simplify the production process 
and prevent contamination and the like of the orientation film by a protective film. There is also no generation of dust 
and the like as there is when rubbing is carried out. 

[0273] The orientation film 6 is a thin film composed of a chemisorbed group of silane-based compound molecules 
and has a construction such that most of the thin film component portion is exposed in an orderly manner on the surface. 
For these reasons, the film is sensitive to polarized light and can be provided with orientation anisotropy by low intensity 
polarized light irradiation. In addition, because the orientation film is an ultrathin film, occurrence of driving voltage 
loss, sticking, and the like is reduced, making it possible to realize an improvement in display characteristics. 
[0274] Specifically, photoalignment is brought about by the following method. Fig. 5 is a perspective view for illus- 
trating orientation treatment by photoalignment. As is shown in the same figure, first, polarized ultraviolet light 21 
having, for example, a wavelength distribution in the neighborhood of 300 nm to 400 nm is applied, the perimeter 
portions of the pixel regions only being covered by a mask (not shown in figure). The polarized ultraviolet light 21 is 
applied in a direction that forms an angle of 61 with the substrate along the draining direction 23. 
[0275] The other substrate, a substrate 2, is then irradiated with polarized ultraviolet light 22. The polarized ultraviolet 
light 22 is applied in a direction that forms an angle of 62 with the substrate along the draining direction 23. 
[0276] The planes of polarization of the polarized ultraviolet light 21 and 22 line up with the draining direction from 
the draining step (in other words, with the thin film component portion). The irradiation intensity of the polarized ultra- 
violet light 21 and 22 should be within the range of 50 to 3000 mJ/cm 2 (wavetength: 365 nm). Specifically, when the 
pretilt angle of the liquid crystal molecules is controlled by the irradiation intensity of polarized ultraviolet light, it is 
necessary that irradiation intensity be set such that the irradiation intensity of the former polarized ultraviolet light be 
smaller than the irradiation intensity of the latter polarized ultraviolet light. The directions in which the polarized ultra- 
violet light is applied are set so as to form, along the draining direction, an angle of 61 and 62 within the range of 0° to 
90° and more preferably within the range of 45° to 90°. Specifically, when the pretilt angle of the liquid crystal molecules 
is controlled by the irradiation intensity of polarized ultraviolet light, it is necessary to set 61 formed by the polarized 
ultraviolet light 21 so as to be greater than 62 formed by the polarized ultraviolet light. For example, Fig. 5 shows a 
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case in which 61=45° and 62=90°. 

[0277] In this way, by carrying out a photoaiignment treatment with polarized light, photosensitive groups in the thin 
film component molecules of the orientation film 6 can be selectively photopolymerized, making it possible to induce 
crosslinking of the thin film components on the substrate surface in a direction parallel to the polarization direction. 

5 Furthermore, in the formation region of a pair of parallel electrodes, a high pretilt angle region 6a capable of controlling 
the orientation of liquid crystal molecules at a high pretilt angle may be formed, and in the non-formation region, a low 
pretilt angle region 6b capable of controlling the orientation of liquid crystal molecules at a low pretilt angle may be 
formed. In addition, by appropriately setting the irradiation intensity of the polarized ultraviolet light and the direction 
in which the polarized ultraviolet light is applied, orientation films capable of controlling the orientation of the liquid 

10 crystal molecules at a specified pretilt angle can be consistently reproduced. 

[0278] A counter electrode is then formed on a counter substrate 2 by a known method, and subsequently, an ori- 
entation film is formed by repeating the step of forming an orientation film and the step of carrying out an orientation 
treatment on the counter substrate. 

[0279] The pair of substrates are then positioned at a specified distance with the film-formed sides on the inside, 

15 and the perimeters of the substrates are adhered and fixed together to fabricate an empty cell. A liquid crystal cell is 
then fabricated by injecting a liquid crystal into the empty cell, and subsequently, a TN liquid crystal display element 
of the present invention is fabricated by sandwiching the liquid crystal cell between a pair of polarizers. 
[0280] As described above, in the method of producing a liquid crystal display element according to the present 
embodiment, the carrying out of an orientation treatment by the photoaiignment method eliminates the need to form a 

20 photoresist (protective film) by photolithography for the carrying out of the conventional rubbing method. As a result, 
along with realizing a simplification in the production process, the formation and exfoliation of a photoresist becomes 
unnecessary, making it possible to prevent degradation of the surface of the orientation films. Furthermore, the gen- 
eration of dust, which was a problem with rubbing treatment, does not arise with the photoaiignment method, making 
it possible to prevent contamination of the orientation films. 

25 [0281] In addition, with the photoaiignment method, the fact that the irradiation intensity of polarized ultraviolet light, 
the polarization direction, and the direction of applied light can be controlled makes it possible to carry out an orientation 
treatment on the orientation films such that the orientation of the liquid crystal molecules is controlled in a desired 
direction and at a desired pretilt angle. In comparison with rubbing treatment, this orientation treatment can be repro- 
duced very consistently, making it excellent for volume production. 

30 [0282] If an orientation film is employed wherein groups of silane-based compound molecules each having a pho- 
tosensitive group are adsorbed to the substrate surface, because the orientation film is an ultrathin film, occurrence of 
driving voltage loss, sticking, and the like is reduced, making it possible to produce a liquid crystal display element 
having improved display characteristics. 

[0283] However, it is possible to perform the orientation treatment on an orientation film without photosensitive groups 
35 by a rubbing method. In such a case, it is sufficient to follow the procedure of a known method, though it is desirable 
that the rubbing direction substantially line up with the draining direction. As the film component molecules will have 
been oriented in the rubbing treatment direction in advance, the rubbing treatment may be performed lightly, the rubbing 
conditions having been eased in comparison to those of conventional rubbing treatments. As a result, the generation 
of dust is reduced. For an orientation film without photosensitive groups, a polyimide without photosensitive groups, 
40 for example, may be employed. 

[0284] Examples of silane-based compounds usable for the present embodiment include the compounds listed be- 
low. 



[0285] Note that p is an integer of 0-3, q is an integer of 0-2, r is an integer of 1-25, s is an integer of 0-12, t is an 
integer of 1-20, u is an integer of 0-12, v is an integer of 1-20, and w is an integer of 1-25. In addition, Y is one of 
hydrogen, an alky I group, an alkoxyl group, a fluorine-containing alkyl group, and a fluorine-containing alkoxyl group. 
[0286] It is also possible to use a trichlorosilane-based compound for the silane-based compound. Specifically, the 
55 compounds (6) to (1 4) shown below can be used. 
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(D 
(2) 
(3) 
(4) 
(5) 



SiY p Cl 3 . p 

CH 3 (CH 2 ) r SiY q CI 3 _ q 
CH 3 (CH 2 ) s O(CH 2 ) t SiY q Ci 3 _ q 
CH 3 (CH 2 ) u -Si(CH 3 ) 2 (CH 2 ) v SiY q CI 3 . q 
CFC0O 3 (CH 2 ) w SiY q CI 3 . q 
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(6) CF 3 (CH 2 ) 9 SiCI 3 

(7) CH 3 (CH 2 ) 9 OSiCI 3 
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(8) CH 3 {CH 2 ) 9 Si(CH 2 ) 2 (CH 2 ) 10 SiCl3 

(9) CH 3 COO(CH 2 ) 15 SiCI 3 

(10) CF 3 (CF 2 ) 7 -(CH 2 ) 2 -SiCi 3 

(11) CF 3 (CF 2 ) 7 -C 6 H 4 -SICI 3 

5 (12) C 6 H 5 -CH=CH-CO-0-(CH 2 ) 6 -0-SiCI 3 

(1 3) C 6 H 5 -CO-CH=CH-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 

(1 4) C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 

[0287] Of the compounds listed above, the compound represented by expression (12) has a cinnamoyl group for 
10 the photosensitive group, and the compounds represented by the expressions (13) and (14) have a chalconyl group 
for the photosensitive group. 

[0288] Instead of the chlorosilane-based compound, it is also possible to use an isocyanate-based compound having 
an isocyanate group or an alkoxy group in place of the chlorosilyl group. Specifically, examples include the compounds 
represented by the expression (15) and (16) below in which the chlorosilane group in the chlorosilane of expression 
15 (6) is substituted with an isocyanate group or an alkoxy group. 

(15) CH 3 (CH 2 ) 9 Si(OC 2 H 5 ) 3 

(16) CH 3 (CH 2 ) 9 Si(NCO) 3 

20 [0289] By using an isocyanate-based compound or an alkoxy-based compound, the generation of hydrochloric acid 
is prevented when either of the compounds is contacted to a substrate and chemisorption is brought about. For this 
reason, TFTs or the like provided on the substrate are not damaged, and there is the additional advantage that these 
compounds are easy to use. 

[0290] Examples for an organic solvent that dissolves silane-based compounds include a hydrocarbon -based solvent 

25 that does not contain water, a fluorocarbon-based solvent, and a silicone-based solvent. Examples usable for a petro- 
leum-based solvent include petroleum naphtha, solvent naphtha, petroleum ether, petroleum benzene, isoparaffin, 
normal paraffin, decalin, industrial gasoline, kerosene, ligroin, dimethyl silicone, phenyl silicone, alkyl modified silicone, 
polyester silicone, and the like. For a fluorocarbon-based solvent, aflon-based solvent, Fluorinert (tradename, available 
from 3M), Afluid (tradename, available from Asahi Glass Co., Ltd), or the like can be used. These solvents may be 

30 used individually or by mixing two or more solvents together supposing the solvents are compatible. In particular, 
silicone has little moisture and does not easily absorb moisture, and silicone serves to prevent direct contact of a 
chlorosilane-based compound with moisture by solvation of the chlorosilane-based compound. Thus, by employing a 
solvent that is composed of a chlorosilane-based compound and silicone, adverse effects caused by moisture in the 
atmosphere when the solvent is contacted to a substrate layer are prevented, making it possible to chemisorb the 

35 chlorosilane-based compound to the exposed OH groups on the substrate layer. 

[0291] On the substrates, in addition to the pixel electrodes 4 and the counter electrode 5, wiring composed of an 
ITO film or an Al film, TFTs, and protective films composed of an Si0 2 film or SiN x are provided in advance. On the 
counter substrate 2, a color filter composed of, for example, an acrylic-based or silicone-based polymer film is provided. 
Spacers composed of an acrylic-based or silicone-based polymer material are integrally formed with eitherthe substrate 

40 or the counter substrate so as to be provided thereon. Of all the members described above, because the distribution 
density of OH groups, which serve as adsorption sites, is high on the surfaces of the Si0 2 or SiN x film, even more of 
the silane-based compound molecules can be adsorbed. Thus, it is made possible to form orientation films that are 
excellent in terms of orientation characteristics. By contrast, the distribution density of OH groups on the wiring and 
the electrodes, which are composed of an ITO film or an Al film, the TFTs, and the like is low. As for the color filter and 

45 the spacers, OH groups are almost nonexistent. Thus, in order to adsorb a silane-based compound to the surfaces of 
these members also and to form an orientation film having high quality film characteristics, it is necessary to carry out 
a hydrophilization treatment to increase the number of adsorption sites. In the present embodiment, various known 
methods may be employed for the hydrophilization treatment. Specifically, examples include a method wherein an 
Si0 2 or SiN x film is formed on regions to be made hydrophilic, a UV-0 3 treatment wherein ultraviolet is applied under 

50 an ozone atmosphere, or the like. 

[0292] Examples for the washing solution employed in the washing step include a hydrocarbon-based solvent that 
does not contain water, a fluorocarbon-based solvent, and a silicone-based solvent. Examples usable for a petroleum- 
based solvent include petroleum naphtha, solvent naphtha, petroleum ether, petroleum benzene, isoparaffin, normal 
paraffin, decalin, industrial gasoline, kerosene, ligroin, dimethyl silicone, phenyl silicone, alkyl modified silicone, poly- 

55 ester silicone, and the like. For a fluorocarbon-based solvent, a flon-based solvent, Fluorinert (tradename, available 
from 3M), Afluid (tradename, available from Asahi Glass Co., Ltd), or the like can be used. These solvents may be 
used individually or by mixing two or more solvents together supposing the solvents are compatible. 
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Embodiment 2-2 

[0293] In the following, the present embodiment is described with reference to Figs. 6-10. Parts not essential to the 
description have been omitted, and for the sake of convenience in the description, some parts have been enlarged or 
5 reduced. 

[0294] An in-plane switching liquid crystal display element in accordance with the present invention realizes an im- 
provement in response speed by the formation of first regions capable of controlling the alignment of the liquid crystal 
by means of the electric field components above the electrodes. To form the first regions, the pretilt angle of liquid 
crystal molecules above the electrodes is made larger than the pretilt angle of liquid crystal molecules above the region 
w between the electrodes. Using Fig. 6, an in-plane switching mode liquid crystal display element according to the present 
invention is described below. Fig. 6 is a perspective view schematically showing the IPS mode liquid crystal display 
element. Fig. 7 is a plan view schematically showing electrode pairs made up of a pixel electrode structure and a 
counter electrode structure. Fig. 8 is a perspective view schematically showing the orientation state of liquid crystal 
molecules. 

15 [0295] A liquid crystal display element 1 1 0 has a substrate 1 01 , a counter substrate 1 02 opposed to the substrate 
101, and a liquid crystal layer 1 03 provided between the substrate 1 01 and the counter substrate 1 02. A glass substrate, 
for example, may be used for the substrate 1 01 and the counter substrate 1 02. 

[0296] On the inner side of the substrate 1 01 , a pixel electrode structure 1 04 and a counter electrode structure 1 05 
serving as pairs of electrodes are provided. An orientation film 106 for orienting liquid crystal molecules in the vicinity 
20 in the same given direction is provided on the substrate having the pixel electrode structure 104 and the counter 
electrode structure 1 05. An orientation film 1 07 is provided on the inner surface of the counter substrate 1 02 for orienting 
liquid crystal molecules in the vicinity in the same given direction. 

[0297] The pixel electrode structure 104, as shown in Fig. 7, has a plurality of pixel electrode portions 104a and a 
connecting electrode portion, the pixel electrode portions 104b being disposed so as to be parallel to one another. In 

25 other words, the pixel electrode structure 1 04 is a comb-shaped electrode. The counter electrode structure takes on 
the same form as that of the pixel electrode structure; it has a plurality of counter electrode portions 1 05a and a con- 
necting electrode portion 105b, the counter electrode portions being disposed so as to be parallel to one another. The 
pixel electrode structure and the counter electrode structure are interleaved such that the pixel electrode portions and 
the counter electrode portions alternate. For the pixel electrode structure and the counter electrode structure, an elec- 

30 trode composed of, for example, ITO (indium tin oxide) may be used. 

[0298] The orientation film is composed of a group of adsorbed molecules (thin film component molecules) that are 
chemisorbed to the substrate surface and is a monomolecular chemisorbed film having a construction such that a 
photosensitive group portion of the adsorbed molecules is polymerized and fixed in a specified direction. In addition, 
the thin film has a construction wherein the thin film components are inclined and oriented in the direction shown by 

35 arrow A in Fig. 4, and the photosensitive group portion is polymerized in the same direction. Thus, the orientation film 
6 differs from orientation films intended for muitidomain-type displays in that the orientation controlling direction induced 
in the liquid crystal molecules is the same for both high pretilt angle regions 6a and a low pretilt angle region 6b. The 
thin film component molecules are adsorbed in a state wherein the inclination angle of the thin film component molecules 
(the angle formed by the long axis of the thin film component molecules and the substrate surface) in the high pretilt 

40 angle regions 6a is smaller than the inclination angle of the thin film component molecules in the low pretilt angle region 
6b. 

[0299] The orientation film is a monomolecular chemisorbed film wherein a group of adsorbed molecules are chem- 
isorbed to the substrate surface. The group of adsorbed molecules includes at least adsorbed molecules having pho- 
tosensitive groups, the photosensitive group portion being polymerized and fixed in a specified direction. Because the 

45 adsorbed molecules are disposed in an orderly manner on the substrate, an orientation film having excellent orientation 
uniformity is realized. In addition, because the thickness of the film is the same as the length of the molecules due to 
the fact that it is a monomolecular film, the thickness of the film can be controlled very uniformly. Thus, it is made 
possible to reduce degradation of display characteristics such as variances in driving voltages, sticking, and the like 
which arise from unevenness in thickness. In employing an orientation treatment carried out using a photoalignment 

so method described hereinafter, the dose of polarized ultraviolet light may also be reduced. This is because the aniso- 
tropic light reaction can be easily induced in a desired direction when photosensitive groups are exposed on the out- 
ermost surface. It should be noted that the orientation film 6 is not limited to a monomolecular chemisorbed film, but 
that it is possible to employ, for example, polymer orientation films composed of polyvinyl, polyimide, or the like and 
having photosensitive groups. 

55 [0300] Cinnamoyl groups or chalconyl groups are suitable for the photosensitive groups. By providing such photo- 
sensitive groups, it is made possible to reduce the irradiation intensity of polarized ultraviolet light when photoalignment 
treatment is carried out and to shorten tact time. Chalconyl groups are particularly sensitive to ultraviolet light, and thus 
an even greater shortening of tact time can be realized. In addition, the molecular structure of the adsorbed molecules 
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may have a linear hydrocarbon chain. When a linear hydrocarbon chain is contained, silane-based compound mole- 
cules can be disposed on a substrate in an orderly manner and adsorbed at a high density, thereby making it possible 
to realize an orientation film that is excellent in terms of orientation. 

[0301] The orientation film, as is shown in Fig. 8, is made up of high pretilt angle regions 1 06a that orient and control 

5 liquid crystal molecules in the vicinity at a high pretilt angle and a low pretilt angle region 1 06b that orients and controls 
liquid crystal molecules in the vicinity at a low pretilt angle. The high pretilt angle regions 1 06a are provided so as to 
match up with the pixel electrode portions 104a and the counter electrode portions 105b. In the high pretilt angle regions 
106a, thin film component molecules are inclined and oriented in the comb teeth direction of the comb tooth-shaped 
pixel electrode portions (the direction shown by arrow A in Fig. 8), and photosensitive group portions are polymerized 

w in the same direction. Thus, the orientation controlling direction for the liquid crystal molecules is the same as the comb 
teeth direction. On the other hand, the low pretilt angle region 1 06b is provided so as to match up with the non-formation 
region in which the pixel electrode structure 104 and the counter electrode 105 are not provided. In addition, thin film 
component molecules in the low pretilt angle region 106b are inclined and oriented in the same direction as thin film 
components in the high pretilt angle regions 106a, and photosensitive group portions are polymerized in this same 

ts direction. In other words, the orientation controlling strength in the low pretilt angle region 106b is provided so as to 
match up with the orientation controlling strength of the high pretilt angle regions 106a. The thin film component mol- 
ecules are adsorbed in a state wherein the inclination angle of the thin film component molecules (the angle formed 
by the long axis of the thin film component molecules and the substrate surface) in the high pretilt angle regions 106a 
is smaller than the inclination angle of the thin film component molecules in the low pretilt angle region 1 06b. 

20 [0302] The liquid crystal layer 103 contains a liquid crystal having a positive dielectric anisotropy and has a homo- 
geneous orientation structure as a result of the controlling of the orientation directions by the orientation films 1 06 and 
107. In addition the liquid crystal layer 3 contains first regions provided above the pixel electrode structure 104 and 
the counter electrode structure 1 05 and a second region provided between the pixel electrode portions 105a and the 
counter electrode portions 105b. The first regions are such that liquid crystal molecules are oriented at a high pretilt 

25 angle (a degrees) due to the orientation controlling of the high pretilt angle regions 106a. The second region is such 
that liquid crystal molecules are oriented at a low pretilt angle (0 degrees) due to the orientation controlling of the low 
pretilt angle region 106b (see Fig. 8). 

[0303] It is desirable that a be in the range of 1° to 10°. When less than 1°, disclination is generated in liquid crystal 
molecules under the influence of a transverse electric field. On the other hand when greater than 10°, coloration is 
30 observed. It is desirable that p be 1° or less. When greater than 1°, coloration is observed. Specifically, a and p are 
set such that ct>p. 

[0304] Referring to Fig. 9, the behavior of liquid crystal molecules 1 1 8 and 1 1 9 when an electric field is applied across 
the liquid crystal layer 1 03 is now described. Figs. 9(a)-9(b) are cross sectional views schematically showing the ori- 
entation state of liquid crystal molecules in the first regions and the second region: Fig. 7(a) shows the state of liquid 

35 crystal molecules when no voltage is being applied, and Fig. 7(b) shows the state of liquid crystal molecules when 
voltage is being applied. As is shown in Fig. 7(a), when no voltage is being applied, a transverse electric field is not 
generated between the pixel electrode portions 104a and the counter electrode portions 104b, and the liquid crystal 
molecules 118 and 119 accordingly line up and orient in the same direction within a plane parallel to the substrate 101 
and the counter electrode portions 102. 

40 [0305] As is shown in Fig. 7(b), when voltage is being applied, an electric field substantially parallel to the substrate 
1 (transverse electric field) is generated, and thus, the liquid crystal molecules 119, which have a positive dielectric 
anisotropy, are such that their long axes line up in the direction of the electric field and rotate within the plane. On the 
other hand, above the pixel electrode portions 104a and the counter electrode portions 105a, an electric field in a 
substantially vertical direction or oblique direction (electric field component above the electrodes) is generated. Thus, 

45 liquid crystal molecules in the vicinity of the pixel electrode portions 1 04a are oriented at a high pretilt angle. For this 
reason, the long axes of the liquid crystal molecules 118 in the central area of the liquid crystal layer 103 line up with 
the long axis of the electric field component direction above the electrodes to change the orientation state. In the 
conventional IPS mode, liquid crystal molecules above the electrodes and liquid crystal molecules between the elec- 
trodes are oriented in the same direction and at the same pretilt angle. Therefore, when voltage is applied, because 

so a transverse electric field is generated between the electrodes, it is not possible to change the alignment state of liquid 
crystal above the electrodes. In other words, as a result of the liquid crystal layer coming to have a plurality of regions 
in which the liquid crystal transitions to a new alignment state and a plurality of regions in which the liquid crystal 
remains in the initial orientation state, at least in the boundary portions between both regions, continuity in the alignment 
state of the liquid crystal is not maintained and this is a factor in deterioration of response. In contrast to this conventional 

55 mode, in the present embodiment, the orientation state of liquid crystal molecules above the pixel electrode structure 
1 04 and the counter electrode structure 1 05 can be transitioned, and thus even when voltage is being applied, continuity 
of the alignment state of liquid crystal at the boundary portions between the first regions and the second region is 
maintained. As a result, the transition of the liquid crystal molecules 119 is much smoother, and it is thought that this 
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is linked to an improvement in response. In addition, compared to conventional IPS mode liquid crystal display elements, 
the region of operation of the liquid crystal is expanded, and as a result, if transparent electrodes composed of ITO or 
the like are used for the pixel electrode structure and the counter electrode structure, the utilization efficiency of light 
is improved, making a much brighter display possible. 
5 [0306] A method of producing a liquid crystal display element 10 in accordance with the present invention is de- 
scribed. In this example, for the orientation films, monomolecular thin films composed of chemisorbed groups of silane- 
based compound molecules are described. 

[0307] First, pixel electrodes are formed on a substrate 1 by a known method. A silane-based compound (chemi- 
sorption substance) having at least a photosensitive group is then dissolved in a nonaqueous organic solvent and a 

10 chemisorption solution is prepared. This chemisorption substance is then contacted to the substrate 1 and the mole- 
cules of the chemisorption substance in the chemisorption solution are chemisorbed to the substrate surface. 
[0308] For example, when a compound provided with a photosensitive group and a trichlorostlane group, specifically 
C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 , is used for the silane-based compound, the chemisorption reaction repre- 
sented by chemical reaction formula (1) occurs. In short, the chlorosilyl groups in the compound and OH groups on 

15 the substrate surface undergo a dehydrochlorination reaction, whereby the compound is chemisorbed to the substrate 
surface. 



C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 + HO-substrate-> 

C 6 H 5 -CH-CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 2 -0-substrate + HCI (1 ) 



Because the silane-based compound is highly reactive with water, the silane-based compound is deactivated when 
contained in a chemisorption solution having a lot of moisture. Therefore, in order that the chemisorption reaction be 
made to progress smoothly, it is desirable to use a nonaqueous solvent that does not contain active hydrogen groups 
such as OH groups and also to carry out the contacting of the solution with the substrate surface in a dry atmosphere. 
In addition, a portion of the silane-based compound may remain in an undissolved state. A chemisorption solution in 
a supersaturated state is an example of such a solution. 

[0309] When a polymer orientation film is used for the orientation film, a variety of known methods may be employed 
for the method of forming the film. Specifically, a polymer orientation film can be formed by applying, for example, an 
orientation material containing a polymer precursor or the like having a photosensitive group, to a substrate surface 
and subsequently, drying and baking the substrate. 

[0310] After the step of forming the orientation film, a step of washing is carried out to remove unadsorbed silane- 
based compound on the substrate and form a monomolecular orientation film. Examples of washing methods that may 
be employed in this step include an immersion method, a steam washing method, and the like. The steam washing 
method is particularly effective in that excess unadsorbed silane-based compound on the front su rface of the substrate 
can be forcibly removed by the penetrating power of the steam. It should be noted that when a chlorosilane-based 
compound, a variety of silane-based compound, is used for the chemisorption substance, it is desirable to use chlo- 
roform or N-methyl-2-pyrrolidinone for the washing solution. This is because chloroform is excellent for removing chlo- 
rosilane polymer that is formed by the reaction between chlorosilane-based compound and water. 
[0311] After the step of washing, the substrate is then lifted from the washing container and left to drain and dry in 
a fixed upright position. Thus, the washing solution is drained only in the direction of gravity, making it possible to 
temporarily orient the chemisorbed molecules making up the thin film in the draining and drying direction. In particular, 
washing solutions having a boiling point of 200°C or less are desirable as these solutions have excellent drying prop- 
erties following draining. Another method of draining and orienting applicable to the present embodiment entails spray- 
ing gas on the substrate surface to bring about the draining of the washing liquid. With this method, the washing solution 
can be drained in a short period and only in the direction in which the gas was sprayed, in particular, use of a washing 
solution having a boiling point of 150°C or higher is effective because the washing solution can be drained by the 
spraying of the gas without evaporation. 

[031 2] An orientation treatment (photoalignment with polarized light step) is carried out on the orientation film formed 
on the substrate by a photoalignment method. Unlike the conventional rubbing treatment, this photoalignment method 
eliminates the need for masking in which a protective film is used, making it possible to simplify the production process 
and prevent contamination and the like of the orientation film by a protective film. There is also no generation of dust 
and the like as there is when rubbing is carried out. 

[0313] The orientation film is a thin film composed of a chemisorbed group of silane-based compound molecules 
and has a construction such that most of the thin film component portion is exposed in an orderly manner on the surface. 
For these reasons, thefilm is sensitive to polarized light and can be provided with orientation anisotropy by low intensity 
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polarized light irradiation. In addition, because the orientation film is an ultrathin film, occurrence of driving voltage 
loss, sticking, and the like is reduced, making it possible to realize an improvement in display characteristics. 
[0314] Specifically, photoalignment is brought about by the following method. Fig. 1 0 is a perspective view for illus- 
trating orientation treatment by photoalignment. As is shown in the same figure, first, polarized ultraviolet light 121 
5 having, for example, a wavelength distribution in the neighborhood of 300 nm to 400 nm is applied, the perimeter 
portions of the pixel regions only being covered by a mask (not shown in figure). The polarized ultraviolet light 121 (a 
second polarized light) is applied in a direction that forms an angle of 91 with the substrate along the draining direction 
123. 

[0315] The non-formation region only is then covered with a mask, and polarized light 122 (a first polarized light) is 
10 applied to the formation regions. The polarized ultraviolet light 122 is applied in a direction that forms an angle of 62 
with the substrate along the draining direction 123. 

[031 6] The planes of polarization of the polarized ultraviolet light 1 21 and 1 22 line up with the draining direction from 
the draining step (in other words, with the thin film component portion). The irradiation intensity of the polarized ultra- 
violet tight should be within the range of 50 mJ/cm 2 to 3000 mJ/cm 2 (wavelength: 365 nm). Specifically, when the pretitt 

15 angle of the liquid crystal molecules is controlled by the irradiation intensity of polarized ultraviolet light, it is necessary 
that irradiation intensity be set such that the irradiation intensity of the former polarized ultraviolet light be smallerthan 
the irradiation intensity of the latter polarized ultraviolet light. The directions in which the polarized ultraviolet light is 
applied are set so as to form, along the draining direction, an angle of 61 and 62 within the range of 0° to 90° and more 
preferably within the range of 45° to 90°. Specifically, when the pretilt angle of the liquid crystal molecules is controlled 

20 by the irradiation intensity of polarized ultraviolet light, it is necessary to set 61 formed by the polarized ultraviolet light 
so as to be greater than 62 formed by the polarized ultraviolet light. For example, Fig. 1 0 shows a case in which 61 =45° 
and 62=90°. 

[0317] In this way, by carrying out a photoalignment treatment with polarized light, photosensitive groups in the thin 
film component molecules of the orientation film 1 06 can be selectively photopolymerized, making it possible to induce 

25 crosslinking of the thin film components on the substrate surface in a direction parallel to the polarization direction. 
Furthermore, in the formation regions above pairs of parallel electrodes, high pretilt angle regions 106a capable of 
controlling the orientation of liquid crystal molecules at a high pretilt angle may be formed, while in the region between 
the electrodes, a low pretilt angle region 106b capable of controlling the orientation of liquid crystal molecules at a low 
pretilt angle may be formed. In addition, by appropriately setting the irradiation intensity of the polarized ultraviolet light 

30 and the direction in which the polarized ultraviolet light is applied, orientation films capable of controlling the orientation 
of the liquid crystal molecules at a specified pretilt angle can be consistently reproduced. 

[0318] The substrate having the pixel electrode structure and the counter electrode structure formed thereon and a 
counter substrate 2 prepared separately are then positioned at a specified distance with the film-formed sides on the 
inside, and the perimeters of the substrates are adhered and fixed together to fabricate an empty cell. A liquid crystal 

35 cell is then fabricated by injecting a liquid crystal into the empty cell, and subsequently, an IPS mode liquid crystal 
display element of the present invention is fabricated by sandwiching the liquid crystal cell between a pair of polarizers. 
[0319] As described above, in the method of producing a liquid crystal display element according to the present 
embodiment, the carrying out of an orientation treatment by the photoalignment method eliminates the need to form a 
photoresist (protective film) by photolithography for the carrying out of the conventional rubbing method. As a result, 

40 along with realizing a simplification in the production process, the formation and exfoliation of a photoresist becomes 
unnecessary, making it possible to prevent degradation of the surface of the orientation films. Furthermore, the gen- 
eration of dust, which was a problem with rubbing treatment, does not arise with the photoalignment method, making 
it possible to prevent contamination of the orientation films. 

[0320] In addition, with the photoalignment method, the fact that the irradiation intensity of polarized ultraviolet light, 
45 the polarization direction, and the direction of applied light can be controlled makes it possible to carry out an orientation 
treatment on the orientation films such that the orientation of the liquid crystal molecules is controlled in a desired 
direction and at a desired pretilt angle. In comparison with rubbing treatment, this orientation treatment can be repro- 
duced very consistently, making it excellent for volume production. 

[0321] If an orientation film is employed wherein groups of silane-based compound molecules each having a pho- 
50 tosensitive group are adsorbed to the substrate surface, because the orientation film is an ultrathin film, occurrence of 
driving voltage loss, sticking, and the like is reduced, making it possible to produce a liquid crystal display element 
having improved display characteristics. 

[0322] However, it is possible to perform the orientation treatment on an orientation film without photosensitive groups 
by a rubbing method. In such a case, it is sufficient to follow the procedure of a known method, though it is desirable 
55 that the rubbing direction substantially line up with the draining direction. As the film component molecules will have 
been oriented in the rubbing treatment direction in advance, the rubbing treatment may be performed lightly, the rubbing 
conditions having been eased in comparison to those of conventional rubbing treatments. As a result, the generation 
of dust is reduced. For an orientation film without photosensitive groups, a polyimide without photosensitive groups, 
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for example, may be employed. 

[0323] Examples of silane-based compounds usable for the present embodiment include the compounds listed be- 
low. 



5 (1)SiY p CI 3 . p 

(2) CH 3 (CH 2 ) r SiY q CI 3 . q 

(3) CH 3 (CH 2 ) s O(CH 2 ) t SiY q CI 3 . q 

(4) CH 3 (CH 2 ) u >Si(CH 3 ) 2 (CH 2 ) v SiY q CI 3 . q 

(5) CFC00 3 (CH 2 ) w SiY q CI 3 . q 

10 

[0324] Note that p is an integer of 0-3, q is an integer of 0-2, r is an integer of 1-25, s is an integer of 0-12, t is an 
integer of 1-20, u is an integer of 0-12, v is an integer of 1-20, and w is an integer of 1-25. In addition, Y is one of 
hydrogen, an alkyl group, an alkoxyl group, a fluorine-containing alkyl group, and a fluorine-containing alkoxyl group. 
[0325] It is also possible to use a trichlorosilane-based compound for the silane-based compound. Specifically, the 
15 compounds (6) to (14) shown below can be used. 

(6) CF 3 (CH 2 ) 9 SiCI 3 

(7) CH 3 (CH 2 ) 9 OSiCI 3 

(8) CH 3 (CH 2 ) 9 Si(CH 2 ) 2 (CH 2 ) 10 SiCI 3 
20 (9) CH 3 COO(CH 2 ) 15 SiCI 3 

(10) CF 3 (CF 2 ) 7 -(CH 2 ) 2 -SiCI 3 

(11) CF 3 (CF 2 ) 7 -C 6 H 4 -SiCI 3 

(12) C 6 H 5 -CH=CH-CO-0-(CH 2 ) 6 -0-SiCI 3 

(13) C 6 H 5 -CO-CH=CH-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 
25 (14) C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 

[0326] Of the compounds listed above, the compound represented by expression (12) has a cinnamoyl group for 
the photosensitive group, and the compounds represented by the expressions (13) and (14) have a chalconyl group 
for the photosensitive group. 

30 [0327] Instead of the chlorosilane-based compound, it is also possible to use an isocyanate-based compound having 
an isocyanate group or an alkoxy group in place of the chlorosilyl group. Specifically, examples include the compounds 
represented by the expression (15) and (16) below in which the chlorosilane group in the chlorosilane of expression 
(6) is substituted with an isocyanate group or an alkoxy group. 

35 (15) CH 3 (CH 2 ) 9 Si(OC 2 H 5 ) 3 

(16)CH 3 (CH 2 ) 9 Si(NCO) 3 

[0328] By using an isocyanate-based compound or an alkoxy-based compound, the generation of hydrochloric acid 
is prevented when either of the compounds is contacted to a substrate and chemisorption is brought about. For this 
40 reason, TFTs or the like provided on the substrate are not damaged, and there is the additional advantage that these 
compounds are easy to use. 

[0329] Examples for an organic solvent that dissolves silane-based compounds include a hydrocarbon -based solvent 
that does not contain water, a fluorocarbon-based solvent, and a silicone-based solvent. Examples usable for a petro- 
leum-based solvent include petroleum naphtha, solvent naphtha, petroleum ether, petroleum benzene, isoparaffin, 

45 normal paraffin, decalin, industrial gasoline, kerosene, ligroin, dimethyl silicone, phenyl silicone, alkyl modified silicone, 
polyester silicone, and the like. For a fluorocarbon-based solvent, aflon-based solvent, Fluorinert (tradename, available 
from 3M), Afluid (tradename, available from Asahi Glass Co., Ltd), or the like can be used. These solvents may be 
used individually or by mixing two or more solvents together supposing the solvents are compatible. In particular, 
silicone has little moisture and does not easily absorb moisture, and silicone serves to prevent direct contact of a 

50 chlorosilane-based compound with moisture by solvation of the chlorosilane-based compound. Thus, by employing a 
solvent that is composed of a chlorosilane-based compound and silicone, adverse effects caused by moisture in the 
atmosphere when the solvent Is contacted to a substrate layer are prevented, making it possible to chemisorb the 
chlorosilane-based compound to the exposed OH groups on the substrate layer. 

[0330] On the substrate 101 , in addition to the pixel electrode structure 104 and the counter electrode structure 105, 
55 wiring composed of an ITO film or an Al film, TFTs, and protective films composed of an Si0 2 film or SiN x are provided 
in advance. On the counter substrate 105, a color filter composed of, for example, an acrylic-based or silicone-based 
polymer film is provided. Spacers composed of an acrylic-based or silicone-based polymer material are integrally 
formed with either the substrate or the counter substrate so as to be provided thereon. Of all the members described 
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above, because the distribution density of OH groups, which serve as adsorption sites, is high on the surfaces of the 
Si0 2 or SiN x film, even more of the silane-based compound molecules can be adsorbed. Thus, it is made possible to 
form orientation films that are excellent in terms of orientation characteristics. By contrast, the distribution density of 
OH groups on the wiring and the electrodes, which are composed of an ITO film or an Al film, the TFTs, and the like 

5 is low. As for the color filter and the spacers, OH groups are almost nonexistent. Thus, in order to adsorb a silane- 
based compound to the surfaces of these members also and to form an orientation film having high quality film char- 
acteristics, it is necessary to carry out a hydrophilization treatment to increase the number of adsorption sites. In the 
present embodiment, various known methods may be employed for the hydrophilization treatment. Specifically, exam- 
ples include a method wherein an SiO a or SiN x film is formed on regions to be made hydrophilic, a UV-0 3 treatment 

10 wherein ultraviolet is applied under an ozone atmosphere, or the like. 

[0331] Examples for the washing solution employed in the washing step include a hydrocarbon : based solvent that 
does not contain water, a f luorocarbon-based solvent, and a silicone-based solvent. Examples usable for a petroleum- 
based solvent include petroleum naphtha, solvent naphtha, petroleum ether, petroleum benzene, isoparaffin, normal 
paraffin, decalin, industrial gasoline, kerosene, ligroin, dimethyl silicone, phenyl silicone, alky! modified silicone, poly- 

15 ester silicone, and the like. For a fluorocarbon -based solvent, a flon-based solvent, Fluorinert (tradename, available 
from 3M), Afluid (tradename, available from Asahi Glass Co., Ltd), or the like can be used. These solvents may be 
used individually or by mixing two or more solvents together supposing the solvents are compatible. 

Supplementary Remarks 

20 

[0332] As for the pairs of electrodes in accordance with the embodiment described above, dimension, material, 
shape, relative positioning, and the like described hereinbefore, where not particularly restricted, are illustrative only 
and are not intended to limit the scope of the present invention. 

[0333] For example, a comb-shaped electrode is given as an example of pairs of electrodes, but an electrode bent 
25 alternately in differing directions may also be employed. It is only necessary that the pixel electrode portions of the 
pixel electrode structure and the counter electrode portions of the counter electrode structure be positioned so as to 
be parallel to one another. The case may also be applied wherein the thickness of one of the electrodes of a pair and 
the thickness of the other of the electrodes of the pair differ from one another but are within the range of the thickness 
of the liquid crystal layer. 

30 [0334] In the description, an orientation film 1 07 is provided on the inner side of the counter substrate 1 02, but it is 
also possible that an orientation film 106 be provided only on the substrate 101 in the present embodiment. 
[0335] In the present embodiment, it was described that the orientation films according to the present invention have 
a high pretilt angle region, in which liquid crystal molecules are initially oriented at a specified pretilt angle in a uniform 
manner, and a low pretilt angle region, in which liquid crystal molecules are initially oriented at a specified pretilt angle 

35 in a uniform manner. However, the present embodiment is not at all limited to this. For example, it is possible to control 
the orientation of the liquid crystal molecules such that the pretilt angle increases continuously or progressively toward 
the electrodes. Thus, the alignment state of the liquid crystal at the boundary portion between the first regions and the 
second region can be made much more continuous, the transition between alignment states of the liquid crystal when 
voltage is applied facilitated, and response even further improved. 

40 

Embodiment 2-3 

[0336] In the following, the present embodiment is described with reference to Figs. 11-12. Parts not essential to the 
description have been omitted, and for the sake of convenience in the description, some parts have been enlarged, 
45 reduced, or the like. 

[0337] An OCB mode liquid crystal display element in accordance with the present invention uses orientation films 
composed of thin film components having photosensitive groups. High pretilt angle regions that orient liquid crystal 
molecules at a high pretilt angle are formed in the orientation films, whereby transition seed generation regions are 
provided in the liquid crystal layer. By providing these transition seed generation regions, the generation of transition 
50 seeds in the liquid crystal layer is ensured, and consequently, the transition from splay alignment to bend alignment is 
facilitated such that a reduction in the splay-bend transition voltage is realized. 

[0338] An OCB mode liquid crystal display element in accordance with the present invention is now described using 
Fig. 11. Fig. 11 is a perspective view schematically showing the orientation state of liquid crystal molecules in one pixel. 
In an orientation film 201 shown in the same figure, there is a high pretilt angle region 201a in the central portion of 
55 the pixel region for orienting liquid crystal molecules at a high pretilt angle and a low pretilt angle region 201b for 
orienting liquid crystal molecules at a low pretilt angle. By providing the high pretilt angle region 201a, it is possible to 
form, in a liquid crystal layer showing splay alignment, a region having a large distortion in liquid crystal alignment, in 
other words a transition seed generation region. As a result, when voltage is applied, liquid crystal molecules in the 
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transition seed generation region rise first, ensuring the generation of transition seeds. With the transition seeds as 
the center, the region in a bend alignment state expands, greatly facilitating the transition of the whole liquid crystal 
layer from splay alignment to bend alignment. 

[0339] It is desirable that the pretilt angle a of liquid crystal molecules in the high pretilt angle region 201 a be in the 
range of 5° to 20°. When less than 5°, transition seeds cannot be generated when a voltage is applied, and when 
higher than 20°, disclination is generated. It is desirable that the pretilt angle p in the low pretilt angle region 201 b be 
in the range of 3° to 1 0°. When less than 3°, transition of the liquid crystal in all areas of the pixel regions is not achieved. 
When higher than 10°, coloration is observed. Specifically, a and p are set such that a>p. 

[0340] The area of the high pretilt angle region 6a should be, for example, approximately 1 0-1 000 pm 2 . When the 
area is less than 10 urn 2 , the transition seed generation region cannot be formed. On the other hand, when greater 
than 1000 ujti 2 , coloration arises. 

[0341] The orientation film is composed of a group of adsorbed molecules (thin film component molecules) that are 
chemisorbed to the substrate surface and is a monomolecular chemisorbed film having a construction such that a 
photosensitive group portion of the adsorbed molecules is polymerized and fixed in a specified direction. In addition, 
the thin film has a construction wherein the thin film component molecules of the orientation film 201 are inclined and 
oriented in the direction shown by arrow A in Fig. 12, and the photosensitive group portion is polymerized in the same 
direction. Thus, the orientation film 201 differs from orientation films intended for multidomain-type displays in that the 
orientation controlling direction induced in the liquid crystal molecules is the same for both the high pretilt angle region 
201a and the low pretilt angle region 201b. The thin film component molecules are adsorbed in a state wherein the 
inclination angle of the thin film component molecules (the angle formed by the long axis of the thin film component 
molecules and the substrate surface) in the high pretilt angle region 201a is smaller than the inclination angle of the 
thin film component molecules in the low pretilt angle region 201b. 

[0342] The orientation film 6 is a monomolecular chemisorbed film wherein a group of adsorbed molecules are chem- 
isorbed to the substrate surface. The group of adsorbed molecules includes at least adsorbed molecules having pho- 
tosensitive groups, the photosensitive group portion being polymerized and fixed in a specified direction. Because the 
adsorbed molecules are disposed in an orderly manner on the substrate, an orientation film having excellent orientation 
uniformity is realized. In addition, because the thickness of the film is the same as the length of the molecules due to 
the fact that it is a monomolecular film, the thickness of the film can be controlled very uniformly. Thus, it is made 
possible to reduce degradation of display characteristics such as variances in driving voltages, sticking, and the like 
which arise from unevenness in thickness. In employing an orientation treatment carried out using a photoalignment 
method described hereinafter, the dose of polarized ultraviolet light may also be reduced. This is because the aniso- 
tropic light reaction can be easily induced in a desired direction when photosensitive groups are exposed on the out- 
ermost surface. It should be noted that the orientation film 6 is not limited to a monomolecular chemisorbed film, but 
that it is possible to employ, for example, polymer orientation films composed of polyvinyl, polyimide, or the like and 
having photosensitive groups. 

[0343] Cinnamoyl groups or chalconyl groups are suitable for the photosensitive groups. By providing such photo- 
sensitive groups, it is made possible to reduce the irradiation intensity of polarized ultraviolet fight when photoalignment 
treatment is carried out and to shorten tact time. Chalconyl groups are particularly sensitive to ultraviolet light, and thus 
an even greater shortening of tact time can be realized. In addition, the molecular structure of the adsorbed molecules 
may have a linear hydrocarbon chain. When a linear hydrocarbon chain is contained, silane-based compound mole- 
cules can be disposed on a substrate in an orderly manner and adsorbed at a high density, thereby making it possible 
to realize an orientation film that is excellent in terms of orientation. It should be noted that while the orientation film 
201 has been described, for the most part, the same applies to the orientation film provided on the counter substrate 
side. 

[0344] In Fig. 1 1 , the planar shape of the high pretilt region 201 a is rectangular, but the present invention is not limited 
to this. For example, the planar shape may be circular. It is sufficient that at least one high pretilt region be provided 
in the entire display portion of each of the pixels and the like. 

[0345] A method of producing a liquid crystal display element 10 in accordance with the present invention is de- 
scribed. In this example, for the orientation films, monomolecular thin films composed of chemisorbed groups of silane- 
based compound molecules are described. 

[0346] First, pixel electrodes are formed on a substrate 1 by a known method. A silane-based compound (chemi- 
sorption substance) having at least a photosensitive group is then dissolved in a nonaqueous organic solvent and a 
chemisorption solution is prepared. This chemisorption substance is then contacted to the substrate 1 and the mole- 
cules of the chemisorption substance in the chemisorption solution are chemisorbed to the substrate surface. 
[0347] For example, when a compound provided with a photosensitive group and a trichlorosilane group, specifically 
C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 , is used for the silane-based compound, the chemisorption reaction repre- 
sented by chemical reaction formula (1) occurs. In short, the chlorosilyl groups in the compound and OH groups on 
the substrate surface undergo a dehydrochlorination reaction, whereby the compound is chemisorbed to the substrate 
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surface. 



C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 + HO-substrate-> 



5 



C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 2 -0-substrate + HCi 



(D 



Because the silane-based compound is highly reactive with water, the siiane-based compound is deactivated when 
contained in a chemisorption solution having a lot of moisture. Therefore, in order that the chemisorption reaction be 
10 made to progress smoothly, it is desirable to use a nonaqueous solvent that does not contain active hydrogen groups 
such as OH groups and also to carry out the contacting of the solution with the surface of substrate in a dry atmosphere. 
In addition, a portion of the silane-based compound may remain in an undissolved state. A chemisorption solution in 
a supersaturated state is an example of such a solution. 

[0348] When a polymer orientation film is used for the orientation film, a variety of known methods may be employed 
15 for the method of forming the film. Specifically, a polymer orientation film can be formed by applying, for example, an 
orientation material containing a polymer precursor or the like having a photosensitive group, to a substrate surface 
and subsequently, drying and baking the substrate. 

[0349] After the step of forming the orientation film, a step of washing is carried out to remove unadsorbed silane- 
based compound on the substrate and form a monomolecular orientation film. Examples of washing methods that may 

20 be employed in this step include an immersion method, a steam washing method, and the like. The steam washing 
method is particularly effective in that excess unadsorbed silane-based compound on the front surface of the substrate 
can be forcibly removed by the penetrating power of the steam. It should be noted that when a chlorosilane-based 
compound, a variety of silane-based compound, is used for the chemisorption substance, it is desirable to use chlo- 
roform or N-methyl-2-pyrrolidinoneforthe washing solution. This is because chloroform is excellent for removing chlo- 

25 rosilane polymer that is formed by the reaction between chlorosilane-based compound and water. 

[0350] After the step of washing, the substrate is then lifted from the washing container and left to drain and dry in 
a fixed upright position. Thus, the washing solution is drained only in the direction of gravity, making it possible to 
temporarily orient the chemisorbed molecules making up the thin film in the draining and drying direction. In particular, 
washing solutions having a boiling point of 200°C or less are desirable as these solutions have excellent drying prop- 
so erties following draining. Another method of draining and orienting applicable to the present embodiment entails spray- 
ing gas on the substrate surface to bring about the draining of the washing liquid. With this method, the washing solution 
can be drained in a short period and only in the direction in which the gas was sprayed. In particular, use of a washing 
solution having a boiling point of 150°C or higher is effective because the washing solution can be drained by the 
spraying of the gas without evaporation. 

35 [0351 ] An orientation treatment (photoalignment with polarized light step) is carried out on the orientation film formed 
on the substrate by a photoalignment method. Fig. 12 is a perspective view illustrating orientation treatment by a 
photoalignment method. Unlike the conventional rubbing treatment, this photoalignment method eliminates the need 
for masking in which a protective film is used, making it possible to simplify the production process and prevent con- 
tamination and the like of the orientation film by a protective film. There is also no generation of dust and the like as 

40 there is when rubbing is carried out. 

[0352] The orientation film 201 is a thin film composed of a chemisorbed group of silane-based compound molecules 
and has a construction such that most of the thin film component portion is exposed in an orderly manner on the surface. 
Forthese reasons, the film is sensitive to polarized light and can be provided with orientation anisotropy by low intensity 
polarized light irradiation. In addition, because the orientation film is an ultrathin film, occurrence of driving voltage 

45 loss, sticking, and the like is reduced, making it possible to realize an improvement in display characteristics. 

[0353] Specifically, photoalignment is brought about by the following method. Fig. 12 is a perspective view for illus- 
trating orientation treatment by photoalignment. As is shown in the same figure, first, polarized ultraviolet light 203 
having, for example, a wavelength distribution in the neighborhood of 300 nm to 400 nm is applied, only a region 202a, 
where a high pretilt angle region 201a is to be formed, being covered by a mask (not shown in figure). The polarized 

50 ultraviolet light 203 is applied in a direction that forms an angle of G1 with the substrate along the draining direction 205. 
[0354] Polarized ultraviolet light 204 is applied to the region 202a, while only a region where a low pretilt region 201 b 
is to be formed is covered by a mask. The polarized ultraviolet light 204 is applied in a direction that forms an angle of 
92 with the substrate along the draining direction 205. 

[0355] The planes of polarization of the polarized ultraviolet light line up with the draining direction from the draining 
55 step (in other words, with the thin film component portion). The irradiation intensity of the polarized ultraviolet light 
should be within the range of 50 mJ/cm 2 to 3000 mJ/cm 2 (wavelength: 365 nm). Specifically, when the pretilt angle of 
the liquid crystal molecules is controlled by the irradiation intensity of polarized ultraviolet light, it is necessary that 
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irradiation intensity be set such that the irradiation intensity of the former polarized ultraviolet light be smaller than the 
irradiation intensity of the latter polarized ultraviolet light. The directions in which the polarized ultraviolet light is applied 
are set so as to form, along the draining direction, an angle of G1 and 92 within the range of 0° to 90° and more preferably 
within the range of 45° to 90°. Specifically, when the pretilt angle of the liquid crystal molecules is controlled by the 
5 irradiation intensity of polarized ultraviolet light, it is necessary to set 61 formed by the polarized ultraviolet light so as 
to be greater than 62 formed by the polarized ultraviolet light. For example, Fig. 5 shows a case in which 61=45° and 
62=90°. 

[0356] In this way, by carrying out a photoalignment treatment with polarized light, photosensitive groups in the thin 
film component molecules of the orientation film can be selectively photopolymerized, making it possible to induce 

10 crosslinking of the thin film components on the substrate surface in a direction parallel to the polarization direction. 
Furthermore, in the formation region of a pair of parallel electrodes, a high pretilt angle region capable of controlling 
the orientation of liquid crystal molecules at a high pretilt angle may be formed, while in the non-formation region, a 
low pretilt angle region capable of controlling the orientation of liquid crystal molecules at a low pretilt angle may be 
formed. In addition, by appropriately setting the irradiation intensity of the polarized ultraviolet light and the direction 

15 in which the polarized ultraviolet light is applied, orientation films capable of controlling the orientation of the liquid 
crystal molecules at a specified pretilt angle can be consistently reproduced. 

[0357] The substrate 1 and the counter substrate 2 are then positioned at a specified distance with the film-formed 
sides on the inside, and the perimeters of the substrates are adhered and fixed together to fabricate an empty cell. A 
liquid crystal cell is then fabricated by injecting a liquid crystal into the empty cell, and subsequently, a TN mode liquid 
20 crystal display element of the present invention is fabricated by sandwiching the liquid crystal cell between a pair of 
polarizers. 

[0358] As described above, in the method of producing a liquid crystal display element according to the present 
embodiment, the carrying out of an orientation treatment by the photoalignment method eliminates the need to form a 
photoresist (protective film) by photolithography for the carrying out of the conventional rubbing method. As a result, 
25 along with realizing a simplification in the production process, the formation and exfoliation of a photoresist becomes 
unnecessary, making it possible to prevent degradation of the surface of the orientation films. Furthermore, the gen- 
eration of dust, which was a problem with rubbing treatment, does not arise with the photoalignment method, making 
it possible to prevent contamination of the orientation films. 

[0359] In addition, with the photoalignment method, the fact that the irradiation intensity of polarized ultraviolet light, 
30 the polarization direction , and the direction of applied light can be controlled makes it possible to carry out an orientation 
treatment on the orientation films such that the orientation of the liquid crystal molecules is fixed in a desired direction 
and at a desired pretilt angle. In comparison with rubbing treatment, this orientation treatment can be reproduced very 
consistently, making it excellent for volume production. 

[0360] If an orientation film is employed wherein groups of silane-based compound molecules each having a pho- 
35 tosensitive group are adsorbed to the substrate surface, because the orientation film is an ultrathin film, occurrence of 
driving voltage loss, sticking, and the like is reduced, making it possible to produce a liquid crystal display element 
having improved display characteristics. 

[0361 ] However, it is possible to perform the orientation treatment on an orientation film without photosensitive groups 
by a rubbing method. In such a case, it is sufficient to follow the procedure of a known method, though it is desirable 

40 that the rubbing direction substantially line up with the draining direction. As the film component molecules will have 
been oriented in the rubbing treatment direction in advance, the rubbing treatment may be performed lightly, the rubbing 
conditions having been eased in comparison to those of conventional rubbing treatments. As a result, the generation 
of dust is reduced. For an orientation film without photosensitive groups, a polyimide without photosensitive groups, 
for example, may be employed. 

45 [0362] Examples of silane-based compounds usable for the present embodiment include the compounds listed be- 
low. 



[0363] Note that p is an integer of 0-3, q is an integer of 0-2, r is an integer of 1-25, s is an integer of 0-12, t is an 
55 integer of 1-20, u is an integer of 0-12, v is an integer of 1-20, and w is an integer of 1-25. In addition, Y is one of 
hydrogen, an alkyl group, an alkoxyl group, a fluorine-containing alkyl group, and a fluorine-containing alkoxyl group. 
[0364] It is also possible to use a trichlorosilane-based compound for the silane-based compound. Specifically, the 
compounds (6) to (14) shown below can be used. 



50 



(DSiY p CI 3 . p 

(2) CH 3 (CH 2 ) r SiY q CI 3 _ q 

(3) CH 3 (CH 2 ) s O(CH 2 ) t SiY q CI 3 _ q 

(4) CH 3 (CH 2 ) u -SI(CH 3 ) 2 (CH 2 ) v SiY q CI 3 . q 

(5) CFC00 3 (CH 2 ) w SiY q Cl 3 . q 
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(6) CF 3 (CH 2 ) 9 SiCI 3 

(7) CH 3 (CH 2 )90SiCl3 

(8) CH 3 (CH 2 ) 9 Si(CH 2 ) 2 (CH 2 ) 10 SiCI 3 

(9) CH 3 COO(CH 2 ) 15 SiCI 3 

(10) CF 3 (CF 2 ) 7 -(CH 2 ) 2 -SiCI 3 

(11) CF 3 (CF 2 ) 7 -C 6 H 4 -SiCI 3 

(12) C 6 H 5 -CH-CH-CO-0-(CH 2 ) 6 -0-SiCl3 

(1 3) C 6 H 5 -CO-CH=CH-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 

(1 4) C 6 H 5 -CH=CH-CO-C 6 H 4 0-(CH 2 ) 6 -0-SiCI 3 



10 



[0365] Of the compounds listed above, the compound represented by expression (12) has a cinnamoyl group for 
the photosensitive group, and the compounds represented by the expressions (13) and (14) have a chalconyl group 
for the photosensitive group. 

[0366] Instead of the chlorosilane-based compound, it is also possible to use an isocyanate-based compound having 
15 an isocyanate group or an alkoxy group in place of the chlorosilyl group. Specifically, examples include the compounds 
represented by the expression (15) and (16) below in which the chlorosiiane group in the chlorosilane of expression 
(6) is substituted with an isocyanate group or an alkoxy group. 



[0367] By using an isocyanate-based compound or an alkoxy-based compound, the generation of hydrochloric acid 
is prevented when either of the compounds is contacted to a substrate and chemisorption is brought about. For this 
reason, TFTs or the like provided on the substrate are not damaged, and there is the additional advantage that these 

25 compounds are easy to use. 

[0368] Examples for an organic solvent that dissolves silane-based compounds include a hydrocarbon -based solvent 
that does not contain water, a fluorocarbon-based solvent, and a silicone-based solvent. Examples usable for a petro- 
leum-based solvent include petroleum naphtha, solvent naphtha, petroleum ether, petroleum benzene, isoparaffin, 
normal paraffin, decalin, industrial gasoline, kerosene, ligroin, dimethyl silicone, phenyl silicone, alkyl modified silicone, 

30 polyestersilicone, and the like. For a fluorocarbon-based solvent, a f Ion-based solvent, Fluorinert (tradename, available 
from 3M), Afluid (tradename, available from Asahi Glass Co., Ltd), or the like can be used. These solvents may be 
used individually or by mixing two or more solvents together supposing the solvents are compatible. In particular, 
silicone has little moisture and does not easily absorb moisture, and silicone serves to prevent direct contact of a 
chlorosilane-based compound with moisture by solvation of the chlorosilane-based compound. Thus, by employing a 

35 solvent that is composed of a chlorosilane-based compound and silicone, adverse effects caused by moisture in the 
atmosphere when the solvent is contacted to a substrate layer are prevented, making it possible to chemisorb the 
chlorosilane-based compound to the exposed OH groups on the substrate layer. 

[0369] On the substrates, in addition to the pixel electrodes and the counter electrode, wiring composed of an ITO 
film or an Al film, TFTs, and protective films composed of an Si0 2 film or SiN x are provided in advance. On the counter 

40 substrate, a color filter composed of, for example, an acrylic-based or silicone-based polymer film is provided. Spacers 
composed of an acrylic-based or silicone-based polymer material are integrally formed with either the substrate or the 
counter substrate so as to be provided thereon. Of all the members described above, because the distribution density 
of OH groups, which serve as adsorption sites, is high on the surfaces of the Si0 2 or SiN x film, even more of the silane- 
based compound molecules can be adsorbed. Thus, it is made possible to form orientation films that are excellent in 

45 terms of orientation characteristics. By contrast, the distribution density of OH groups on the wiring and the electrodes, 
which are composed of an ITO film or an Al film, the TFTs, and the like is low. As for the color filter and the spacers, 
OH groups are almost nonexistent. Thus, in order to adsorb a silane-based compound to the surfaces of these members 
also and to form an orientation film having high quality film characteristics, it is necessary to carry out a hydrophilization 
treatment to increase the number of adsorption sites, in the present embodiment, various known methods may be 

50 employed for the hydrophilization treatment. Specifically, examples include a method wherein an Si0 2 or SiN x film is 
formed on regions to be made hydrophilic, a UV-0 3 treatment wherein ultraviolet is applied under an ozone atmosphere, 
or the like. 

[0370] Examples for the washing solution employed in the washing step include a hydrocarbon-based solvent that 
does not contain water, a fluorocarbon-based solvent, and a silicone-based solvent. Examples usable for a petroleum- 
55 based solvent include petroleum naphtha, solvent naphtha, petroleum ether, petroleum benzene, isoparaffin, normal 
paraffin, decalin, industrial gasoline, kerosene, ligroin, dimethyl silicone, phenyl silicone, alkyl modified silicone, poly- 
ester silicone, and the like. For a fluorocarbon-based solvent, a flon-based solvent, Fluorinert (tradename, available 
from 3M), Afluid (tradename, available from Asahi Glass Co., Ltd), or the like can be used. These solvents may be 



20 



(15) CH 3 (CH 2 ) 9 Si(OC 2 H 5 ) 3 

(16) CH 3 (CH 2 ) 9 Si(NCO) 3 
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used individually or by mixing two or more solvents together supposing the solvents are compatible. 
Example 2 

5 [0371] First, for the formation of orientations films, a solution for the fabrication of orientation films was prepared. 
Specifically, C 6 H 5 -CH=CH-CO-0-(CH 2 )6-0-SiCI 3 was mixed and dissolved in hexamethyldisiioxane under a dry at- 
mosphere to form a 10" 3 mol/L solution. 

[0372] As shown in Fig. 2(a), a substrate forTN mode, pixel electrodes having been formed thereon in advance, 
was provided and the solution described above applied to the substrate surface under a dry atmosphere (relative 
10 humidity of 5% or less). A printing press was used in the application. The thickness of the applied film was made to 
be approximately 1 urn. After the hexamethyldisiioxane contained in the applied film was evaporated, the substrate 
was then baked for a specified length of time to form an orientation film (see Fig. 2(b)). 

[0373] The substrate having an orientation film formed thereon was then immersed in chloroform, a nonaqueous 
solvent, and the substrate was washed (washing step, see Fig. 2(c)). In a fixed upright position, the substrate was then 
15 lifted from the chloroform and the chloroform was drained (draining orientation step, see Fig. 2(d)). The draining direc- 
tion was made to be parallel to the direction of the long side of the comb-shaped electrode portions provided on the 
substrate. Thus, molecules making up the orientation film were inclined in the draining direction, the direction opposite 
to the direction of lifting, and oriented accordingly. 

[0374] After the draining orientation step, polarized ultraviolet light was applied utilizing masking with a photomask. 

20 Specifically, each pixel region (80 u.m x 240 jxm) was separated into an inner region (50 u.m x 21 0 ujn) and a rectangular 
frame-shaped region (perimeter portion), and polarized ultraviolet light applied with the rectangular frame-shaped re- 
gion being masked. The polarization direction of the ultraviolet light was lined up with the draining direction, and the 
direction of the applied light was set so as to be perpendicular to the substrate surface along the draining direction. 
Irradiation intensity was set at 400 mJ/cm 2 . 

25 [0375] Using a photomask differing from the photomask used above, the inner region was masked and polarized 
ultraviolet light again applied. The polarization direction of the ultraviolet light was lined up with the draining direction, 
but the direction of the applied light was set so as to form a 45° angle with the substrate surface along the draining 
direction. Irradiation intensity was set at 400 mJ/cm 2 . 

[0376] An orientation film for the counter substrate having a high pretilt angle region and a low pretilt angle region 

30 was fabricated by carrying out each of the steps in sequence. 

[0377] Spacers were then dispersed on one of the substrates and sealing, material was applied on the perimeter of 
one of the substrates so that the application formation was a frame shape. The substrate and the counter substrate 
were then adhered together. In this process, the orientation treatment direction of the orientation film provided on one 
substrate and the orientation treatment direction of the orientation film provided on the counter substrate were posi- 

35 tioned so as to form an angle of 90°. 

[0378] A liquid crystal material was then injected between the substrate and the counter substrate to form a liquid 
crystal display element C of the present invention. 

Comparative Example 2 

40 

[0379] In the present comparative example 2, the irradiation of the substrates with polarized ultraviolet light was such 
that the polarization direction of the ultraviolet light was lined up with the draining direction, and except that light was 
applied without using a photomask in a direction perpendicular to the substrate surfaces along the draining direction, 
a liquid crystal display element D for comparison was fabricated in the same manner as the element of example 2. 

45 

Comparative Example 3 

[0380] In the present comparative example 3, the irradiation of both substrates with polarized ultraviolet light was 
such that the polarization direction of the ultraviolet light was lined up with the draining direction, and except that light 
50 was applied without using a photomask in a direction forming an angle of 45° with the substrate surfaces along the 
draining direction, a liquid crystal display element E for comparison was fabricated in the same manner as the element 
of example 2. 

Conditions of film fabrication and display characteristics 

55 

[0381] In addition to measuring the pretilt angles of the liquid crystal display element C for comparison and the liquid 
crystal display element E for comparison, respectively, orientation defects of liquid crystal during operation, hue, and 
viewing angle were observed. The results are shown in Table 2. 
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Table 2 



Liquid crystal display 

alampnt 
C7I wl 1 ICI 1 1 


C 


D 


E 


Pretiit angle 


Inner regions: 3 

Transverse electric field 
suppressing regions: 5 


3 


5 


Liquid crystal orientation 
defects during operation 


None 


Transverse electric field 
disclination generation 


None 


Hue 


Good 


Good 


Not so good 


Viewing angle 


Good 


Symmetrical 


Nonsymmetrical 



[0382] As is understood from Table 2, in the liquid crystal display element C of the present invention, the pretiit angle 
of liquid crystal molecules in the transverse electric field suppressing regions was approximately 5°. The pretiit angle 
of liquid crystal molecules in the other region, the inner region, was approximately 3°. During operation, there were no 
orientation defects, hue was good, and viewing angle characteristics, including symmetry of the viewing angle, were 
excellent. 

[0383] By contrast, in the liquid crystal display element D for comparison, the pretiit angle of liquid crystal molecules 
was approximately 3° in all regions of the pixel electrodes. Although hue and viewing angle were good, transverse 
electric field disclination generation was confirmed around the edges of the pixel electrodes, i.e. in the perimeter portions 
of the pixel regions. As forthe liquid crystal display element E for comparison, the pretiit angle of liquid crystal molecules 
was approximately 5° in all regions of the pixel electrodes. Transverse electric field disclination was generated in the 
perimeter portions of the pixel regions, hue was not so good, and viewing angle characteristics, including lack of sym- 
metry of viewing angle, were not good. Thus, it is shown that the liquid crystal display element C of the present invention 
is superior to the liquid crystal display elements D and E for comparison produced by conventional production methods 
in that the generation of orientation defects caused by a transverse electric field are prevented and hue and viewing 
angle characteristics are excellent. 



Example 3 

[0384] First, for the formation of orientation films, a solution for the fabrication of orientation films was prepared. 
Specifically, C 6 H 5 -CH=CH"CO-0-(CH 2 ) 6 -0-SiCI 3 was mixed and dissolved in hexamethyldisiloxane under a dry at- 
mosphere to form a 1 0 -3 mol/L solution. 

[0385] As is shown in Fig. 2(a), a substrate for IPS mode was provided and the solution described above applied to 
the substrate surface under a dry atmosphere (relative humidity of 5% or less). A printing press was used in the ap- 
plication. The thickness of the applied film was made to be approximately 1 um After the hexamethyldisiloxane con- 
tained in the applied film was evaporated, the substrate was then baked for a specified length of time to form an 
orientation film (see Fig. 2(b)). 

[0386] The substrate having an orientation film formed thereon was then immersed in chloroform, a nonaqueous 
solvent, and the substrate was washed (washing step, see Fig. 2(c)). In a fixed upright position, the substrate was then 
lifted from the chloroform and the chloroform was drained (draining orientation step, see Fig. 2(d)). The draining direc- 
tion was made to be parallel to the direction of the long side of the comb-shaped electrode portions provided on the 
substrate. Thus, molecules making up the orientation film were inclined in the draining direction, the direction opposite 
to the direction of lifting, and oriented accordingly. 

[0387] After the draining orientation step, polarized ultraviolet light was applied utilizing masking with a photomask. 
Specifically, comb-shaped electrode formation regions were masked by a photomask and polarized ultraviolet light 
was applied. The polarization direction of the ultraviolet light was lined up with the draining direction, and the direction 
of the applied light was set so as to be perpendicular to the substrate surface along the draining direction. Irradiation 
intensity was set at 400 mJ/cm 2 . 

[0388] Using a photomask differing from the photomask used above, the region other than the comb-shaped elec- 
trode formation regions was masked, and polarized ultraviolet light was again applied. The polarization direction of the 
ultraviolet light was lined up with the draining direction, but the direction of the applied light was set so as to form a 
45° angle with the substrate surface along the draining direction. Irradiation intensity was set at 400 mJ/cm 2 . 
[0389] An orientation film for the counter substrate having high pretiit angle regions and a low pretiit angle region 
was fabricated by carrying out each of the steps in sequence. 
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[0390] Spacers were then dispersed on one of the substrates and sealing material was applied on the perimeter of 
one of the substrates so that the application formation was a frame shape. The substrate and the counter substrate 
were then adhered together. In this process, the orientation treatment direction of the orientation film provided in one 
substrate and the orientation treatment direction of the orientation film provided in the counter substrate were positioned 
5 so as to form an angle of 90°. 

[0391] A liquid crystal material was then injected between the substrate and the counter substrate to form a liquid 
crystal display element F of the present invention. 

Comparative Example 4 

10 

[0392] In the present comparative example 4, the irradiation of the substrates with polarized ultraviolet light was such 
that the polarization direction of the ultraviolet light was lined up with the draining direction, and except that light was 
applied, without using a photomask, in a direction perpendicular to the substrate surfaces along the draining direction, 
a liquid crystal display element G for comparison was fabricated in the same manner as the element of example 3. 

15 

Conditions of film fabrication and display characteristics 

[0393] Pretilt angle and response speed of the liquid crystal during operation were measured in the liquid crystal 
display element F of the present invention and in the liquid crystal display element G for comparison, respectively. The 
20 results are shown in Table 3. Note that response speed was obtained by measuring the response time for a change 
in transmissivity from 1 0% to 90%. 



Table 3 



Liquid crystal display element 


F 


G 


Pretilt angle (degrees) 


Formation regions: 5 


3 ! 


No n -formation region: 3 


Response speed (ms) 


30 


40 



30 

[0394] As is understood from Table 3, in the liquid crystal display element F of the present invention, the pretilt angle 
of the liquid crystal molecules in the comb-shaped electrode non-formation regions was approximately 5°. The pretilt 
angle of liquid crystal molecules in the comb-shaped electrode non-formation region was approximately 3°. Response 
speed was approximately 30 ms. By contrast, in the liquid crystal display element G for comparison, the pretilt angle 
35 of liquid crystal molecules of the substrate having the comb-shaped electrodes and that of liquid crystal molecules of 
the substrate having the counter electrode was approximately 3°. Response speed was approximately 40 ms. Thus, 
it is shown that the liquid crystal display element F of the present invention is superior to the liquid crystal element G 
for comparison produced by a conventional production method in terms of response speed. 

40 Example 4 

[0395] First, for the formation of orientation films, a solution for the fabrication of orientation films was prepared. 
Specifically, C 6 H 5 -CH=CH-CO-0-(CH 2 ) 6 -0-SiCI 3 was mixed and dissolved in hexamethyldisiloxane under a dry at- 
mosphere to form a 10' 3 mol/L solution. 

45 [0396] As shown in Fig. 2(a), a substrate for TN mode, pixel electrodes having been formed thereon in advance, 
was provided and the solution described above applied to the substrate surface under a dry atmosphere (relative 
humidity of 5% or less). A printing press was used in the application. The thickness of the applied film was made to 
be approximately 1 urn. After the hexamethyldisiloxane contained in the applied film was evaporated, the substrate 
was then baked for a specified length of time to form an orientation film (see Fig. 2(b)). 

50 [0397] The substrate having an orientation film formed thereon was then immersed in chloroform, a nonaqueous 
solvent, and the substrate was washed (washing step, see Fig. 2(c)). In a fixed upright position, the substrate was then 
lifted from the chloroform and the chloroform was drained (draining orientation step, see Fig. 2(d)). The draining direc- 
tion was made to be parallel to the direction of the long side of the comb-shaped electrode portions provided on the 
substrate. Thus, molecules making up the orientation film were inclined in the draining direction, the direction opposite 

55 to the direction of lifting, and oriented accordingly. 

[0398] After the draining orientation step, polarized ultraviolet light was applied utilizing masking with a photomask. 
Specifically, a center portion (20 ujti x 20 u,m) of each pixel region (80 ujti x 240 u,m) was masked, and polarized 
ultraviolet light applied. The polarization direction of the ultraviolet light was lined up with the draining direction, and 
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the direction of the applied light was set so as to be perpendicular to the substrate surface along the draining direction. 
Irradiation intensity was set at 400 mJ/cm 2 . 

[0399] Using a photomask differing from the photomask used above, the inner region was masked and polarized 
ultraviolet light again applied. The polarization direction of the ultraviolet light was lined up with the draining direction, 
5 but the direction of the applied light was set so as to form a 45° angle with the substrate surface along the draining 
direction. Irradiation intensity was set at 400 mJ/cm 2 . 

[0400] An orientation film for the counter substrate having a high pretilt angle region and a low pretilt angle region 
was fabricated by carrying out each of the steps in sequence. 

[0401] Spacers were then dispersed on one of the substrates and sealing material was applied on the perimeter of 
10 one of the substrates so that the application formation was a frame shape. The substrate and the counter substrate 
were then adhered together. 

[0402] A liquid crystal material was then injected between the substrate and the counter substrate to form a liquid 
crystal display element H of the present invention. 

15 Comparative Example 5 

[0403] In the present comparative example 5, the irradiation of the substrates with polarized ultraviolet light was such 
that the polarization direction of the ultraviolet light was lined up with the draining direction, and except that light was 
applied, without using a photomask, in a direction perpendicular to the substrate surfaces along the draining direction, 
20 a liquid crystal display element I for comparison was fabricated in the same manner as the element of example 4. 

Comparative Example 6 

[0404] In the present comparative example 6, orientation films were formed on the substrates in the same manner 
25 as those of example 4 except that rubbing treatment was carried out instead of aphotoalignment method. After masking 
a center portion (20 ujti x 20 u.m) of each pixel region (80 |xm x 240 pxn), the surface was rubbed at a speed of 500 
m/min. in the draining direction and the direction opposite to the draining direction to a groove depth of 0.1 mm. Thus, 
orientation films having transition seeds were formed on the substrates. Using these substrates, a liquid crystal display 
element J was fabricated in the same manner as the element of example 4. 

30 

Conditions of film fabrication and display characteristics 

[0405] Along with measuring pretilt angle in the liquid crystal display element H of the present invention and in the 
liquid crystal display element I for comparison, respectively, the splay-bend transition voltage of each was measured. 
35 Using a polarized light microscope, the orientation uniformity of the liquid crystal during operation, in other words, the 
degree of unevenness in brightness, was observed. The results are shown in Table 4. Orientation uniformity was 
evaluated as good in the case of uniform and good brightness and as fair in the case of somewhat non-uniform bright- 
ness. 

40 Table 4 



Liquid crystal display 
element 


H 


I 


J 


Pretilt angle (degrees) 


Transition seed regions: 7 


2 


Transition seed regions: 5 


Other regions: 2 


Other regions: 3 


Splay-bend transition 
voltage (V) 


20 


26 


21 


Orientation uniformity 


Transition seed regions: 
good 


All regions of pixels: good 


Transition seed regions: 
good 


Other regions: good 


Other regions: fair 



[0406] As is understood from Table 4, in the liquid crystal display element H of the present invention and the liquid 
crystal display element J for comparison, transition seed regions in which liquid crystal molecules have a pretilt angle 
of approximately 7° and 5°, respectively, were formed. When voltage was applied and each of the liquid crystal display 
elements driven, it was shown that the liquid crystal display element H of the present invention had a lower splay-bend 
transition voltage than the liquid crystal display elements H and J for comparison. 
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[0407] In addition, the (iquid crystal display element H of the present invention, which employed a photoalignment 
method for the orientation treatment, showed superior orientation uniformity in both the transition angle regions and 
the other regions in comparison to the liquid crystal display element J for comparison in which rubbing treatment was 
employed. This was achieved by the liquid crystal display element H of the present invention because deterioration of 
5 the orientation film boundary surface was prevented, as it was not necessary to remove a resist or the like. 

Examples of the Third Invention Group 

Embodiment 3 

10 

[0408] The present embodiment provides a liquid crystal display element having excellent display characteristics 
achieved by making the anchoring energy of orientation films with respect to liquid crystal molecules different from one 
another, the orientation films being provided on two opposing substrates. 

[0409] In the present embodiment, this is achieved by applying polarized light under varying irradiation conditions, 
15 specifically, by applying polarized light of varying irradiation intensity and at varying angles with the substrates. Different 
irradiation intensities of polarized light cause different degrees of crosslinking and breaking up of crosslinking among 
molecules having photosensitive groups. Thus, orientation films that induce different anchoring energies in liquid crystal 
molecules are obtained. 

[0410] In addition, when polarized light is applied at varying angles with the substrates, polar anchoring energy and 
20 azimuthal anchoring energy change according to the angle at which the light is applied. 

[0411] Photoalignment is desirable as it facilitates the controlling of anchoring energy according to irradiation con- 
ditions of the polarized light. 

[0412] The polarized ultraviolet light should have a wavelength distribution in the neighborhood of 300 nm to 400 
nm and the dose should be from approximately 50 mJ/cm 2 to 3000 mJ/cm 2 at a wavelength of 365 nm. In particular, 
25 at a dose of 1 000 mJ/cm 2 or greater, the orientation of the liquid crystal display element easily changes into a homo- 
geneous orientation suitable for an IPS mode liquid crystal display element. 

[0413] In particular, in consideration of the driving principle of an IPS mode liquid crystal display element, the an- 
choring energy, with respect to liquid crystal molecules, of the orientation film near the substrate without electrodes is 
made smaller than the anchoring energy, with respect to liquid crystal molecules, of the orientation film near the sub- 
30 strate having electrodes. While this does not result in a change in the threshold voltage, the voltage needed to attain 
a 90° twist in the liquid crystal layer decreases, and with regard to voltage-transmissivity characteristics, the change 
in transmissivity is steep in the vicinity of the threshold voltage. 
[0414] Other aspects of the construction are like that of embodiment 1 . 

35 Example 5 

[0415] Except for irradiating a first substrate with ultraviolet light at a polarized light intensity of 1000 mJ/cm 2 (365 
nm) and a second substrate with ultraviolet light at a polarized light intensity of 500 mJ/cm 2 (365 nm), an IPS mode 
liquid crystal display element K of the present invention was fabricated according to the same conditions as that of 
40 example 1 . 

Example 5 

[0416] Except for irradiating a first substrate with ultraviolet light at a polarized light intensity of 1000 mJ/cm 2 (365 
45 nm) and a second substrate with ultraviolet light at a polarized light intensity of 500 mJ/cm 2 (365 nm), an IPS mode 
liquid crystal display element K of the present invention was fabricated according to the same conditions as that of 
example 1 . 

Comparative Example 7 

50 

[0417] Except for irradiating a first and a second substrate with ultraviolet light at a polarized light intensity of 500 
mJ/cm 2 and irradiating a first and a second substrate with ultraviolet light at a polarized light intensity of 1 000 mJ/cm 2 
liquid crystal display elements L and M for comparison were fabricated in the same manner as the element of example 5. 

55 Conditions of film fabrication and display characteristics 

[0418] Initial orientation and display characteristics of the liquid crystal display element K of the present invention 
and the liquid crystal display elements L and M for comparison were investigated. For initial orientation characteristics, 
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a polarized light microscope was used to observe orientation uniformity of the liquid crystal (variances in brightness). 
For display characteristics, voltage-transmissivity characteristics and contrast ratio given these voltage-transmissivity 
characteristics were investigated. The results are shown in Table 5. In addition, azimuthal anchoring energy in the IPS 
mode liquid crystal display elements E and F was measured. 

Table 5 



Liquid crystal display element 


K 


L 


M 


Initial Orientation 


Orientation is uniform 


Orientation has variances 


Orientation is uniform 


Voltage-transmissivity 

characteristics 

V: voltage (V) 

T: transmissivity (%) 


V = 3.71,T= 10 

V = 5.02, T - 90 
AV (10,90) = 1 .31 


V = 2.64,T = 10 

V = 4.72, T=90 
AV(10, 90) =2.38 


V = 3.89, T = 10 

V = 5.83, T=90 
AV (10, 90)= 1.94 


Contrast ratio 


300 


220 


340 


Azimuthal anchoring energy 


Not measured 


2.3 X 10- 4 J/m 2 


1.2 x 10- 4 J/m 2 



10 



15 



20 



25 



30 



[0419] From the results of the measurement of azimuthal anchoring energy of the IPS mode liquid crystal display 
elements L and M, it was presumed that the azimuthal anchoring energy above the first substrate of the IPS mode 
liquid crystal display element K was 1 .2 x 10~ 4 J/m 2 and that the azimuthal anchoring energy above the second sub- 
strate was 2.3 x 10- 4 J/m 2 . Thus, K could demonstrate advantageous effects so as to be an IPS mode liquid crystal 
display element of the present invention. 

[0420] It was understood that substantially the same initial orientation and contrast ratio could be obtained with the 
IPS mode liquid crystal display element K, in which the azimuthal anchoring energy at the second substrate is smaller 
than that at the first substrate, as could be obtained with the IPS mode liquid crystal display element M, in which the 
azimuthal anchoring energy at the first and the second substrates is the same. As for the steepness of the transmission, 
the voltage difference between 10% and 90% transmissivity was smaller with K than with L and M, in other words, it 
was shown that driving in K showed steeper transmission. Thus, with the IPS mode liquid crystal display element of 
the present invention, an IPS mode liquid crystal display element having an even greater number of scan lines can be 
provided. 



35 
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Examples of the Fourth Invention Group 

[0421] Embodiment 4The liquid crystal display element of the present embodiment has a liquid crystal sandwiched 
between two opposed substrates each having an orientation film, wherein at least one of the orientation films contains 
molecules having a photosensitive group. By irradiating the molecules having a photosensitive group with polarized 
light, at least two regions having different orientation anisotropies are provided, the anchoring energy with respect to 
liquid crystal molecules also being different in correspondence with the orientation anisotropies of the regions of the 
orientation films. 

[0422] Other aspects of construction are like that of embodiments 2 and 3. 

[0423] Polarized light is applied to the substrate having the orientation film formed thereon under varying irradiation 
conditions. As a result, anchoring energies are obtained such that the anchoring energy with respect to liquid crystal 
molecules corresponds to the orientation anisotropy of each region of the orientation film, thereby achieving similar 
advantageous effects as are achieved when the pretilt angle of liquid crystal molecules is varied, such as an improve- 
ment in display characteristics. Varying anchoring energy also makes it possible to control the driving voltage of each 
region. 



Embodiment 4-1 



50 



55 



[0424] The liquid crystal display element of the present embodiment has substantially the same structure as that of 
embodiment 2-1 . 

[0425] The suppressing of reverse tilt caused by a transverse electric field from other pixels is achieved by making 
polar anchoring energy larger. By making the polar anchoring energy of the perimeter portions of the pixel regions of 
the liquid crystal layer greater than the polar anchoring energy of the inner regions of the pixel regions, a transverse 
electric field suppressing region is formed in each pixel region of a TN mode liquid crystal display element. 
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Example 6 

[0426] Except for applying polarized light having an irradiation intensity of 800 mJ/cm 2 to the perimeter portions of 
the pixel regions in an irradiation direction that forms an angle of 45° with the substrates and is lined up with the draining 
5 direction and applying polarized light having an irradiation intensity of 400 mJ/cm 2 to the inner regions in an irradiation 
direction that forms an angle of 45° with the substrates and is lined up with the draining direction, a liquid crystal display 
element N of the present invention is fabricated in the same manner as the element of example 2. 

Example 8 

w 

[0427] Except for applying, without using a photomask, polarized light having an irradiation intensity of 400 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that forms an angle of 45° with the substrates and is lined up 
with the draining direction, a liquid crystal display element O for comparison is fabricated in the same manner as the 
element of example 6. 

15 

Comparative Example 9 

[0428] Except for applying, without using a photomask, polarized light having an irradiation intensity of 800 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that forms an angle of 45° with the substrates and is lined up 
20 with the draining direction, a liquid crystal display element P for comparison is fabricated in the same manner as the 
element of example 6. 

Conditions of film fabrication and display characteristics 

25 [0429] Polar anchoring energy and pretilt angle in the liquid crystal display element N of the present invention and 
the liquid crystal display elements O and P for comparison were measured. Using a polarized light microscope, liquid 
crystal orientation defects and hue during operation were observed. The results are shown in Table 6. 



Table 6 



30 


Liquid crystal display 
element 


N 


O 


P 


35 


Polar anchoring energy (J/ 
m 2 ) 


Inner regions: 5.1 x 10" 5 
Perimeter portions: 1.2 x 
10- 4 


5.1 X 10" 5 


1.2 x 10-4 




Pretilt angle 


Center portions: 3 Perimeter 
portions: 3 


3 


3 


40 


Voltage-transmissivity 

characteristics 

V: voltage (V) 

T: transmissivity (%) 


V = 2.31,T = 10 

V - 4.61, T = 90 
AV(10, 90) = 2.30 


V = 2.25,T = 10 

V = 4.48,T = 90 
AV (10, 90) =2.23 


V = 2.51, T= 10 

V - 5.18, T - 90 
AV (10, 90) = 2.67 


45 


Liquid crystal orientation 
defects during operation 


None 


Generation of disclination at 
electrode edges 


none 


Hue 


Good 


Good 


Not so good 



[0430] As is understood from Table 6, the liquid crystal display element N of the present invention is such that voltage 
during operation is low, there are no liquid crystal defects, and hue and viewing angle characteristics are excellent. 

50 

Embodiment 4-2 



[0431] A liquid crystal display element of the present embodiment has substantially the same construction as that 
of embodiment 2-2. 

55 

Example 7 

[0432] Except for applying polarized light having an irradiation intensity of 800 mJ/cm 2 to electrode formation regions 
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in an irradiation direction that is perpendicular to the substrates and is lined up with the draining direction and applying 
polarized light having an irradiation intensity of 400 mJ/cm 2 to a non-formation region in an irradiation direction that is 
perpendicular to the substrates and is lined up with the draining direction, a liquid crystal display element Q of the 
present invention is fabricated in the same manner as the element of example 3. 

5 

Comparative Example 1 0 

[0433] Except for applying, without using a photomask, polarized light having an irradiation intensity of 400 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that is perpendicular to the substrates and is lined up with the 
10 draining direction, a liquid crystal display element R for comparison is fabricated in the same manner as the element 
of example 7. 

Comparative Example 11 

15 [0434] Except for applying, without using a photomask, polarized light having an irradiation intensity of 400 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that is perpendicular to the substrates and is lined up with the 
draining direction, a liquid crystal display element S for comparison is fabricated in the same manner as the element 
of example 7. 

20 Conditions of film fabrication and display characteristics 

[0435] Polar anchoring energy, azimuthal anchoring energy, and pretilt angle in the liquid crystal display element Q 
of the present invention and the liquid crystal display elements R and S for comparison were measured. Using a 
polarized light microscope, liquid crystal orientation defects and hue during operation were observed. The results are 
25 shown in Table 7. 



Table 7 



30 


Liquid crystal display 
element 


Q 


R 


S 


Azimuthal anchoring 
energy (J/m 2 ) 


Electrode portions: 
1.2 x 10" 3 

Non-formation region: 2.3 
x 10- 3 


2.3 x 10-3 


1.2 x 10"3 


35 


Polaranchoring energy (J/ 
m 2 ) 


Electrode portions: 3.2 
X10- 3 

Non-formation region: 1.9 
x 10- 3 


1.9 x 10-3 


3.2 X 10-3 


40 


Pretilt angle (°) 


Center portions: 1 Non- 
formation region: 1 


1 


.1 


45 


Voltage-transmissivity 

characteristics 

V: voltage (V) 

T: transmissivity (%) 


V = 3.90, T = 10 

V = 5.83,T = 90 
AV (10, 90)= 1.97 


V = 3.70, T = 10 

V = 5.53,T = 90 
AV (10, 90)= 1.77 


V = 4.23, T = 10 

V = 6.53, T = 90 
AV (10, 90)= 2.30 




Hue 


Uniformity within pixels 


Non-uniformity at 
electrode portions and 
non-formation region 


Non-uniformity at 
electrode portions and 
non-formation region 



50 



From these results, it was understood that the IPS mode liquid crystal display element D of the present invention has 
uniform hue within the pixels and realizes an improvement in display characteristics. 

Embodiment 4-3 

55 

[0436] A liquid crystal display element of the present embodiment has a construction substantially like that of em- 
bodiment 2-1. 

[0437] The liquid crystal display element according to the present embodiment is such that by varying anchoring 
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energy, transition seed generation regions are formed. Thus, because transition seed generation regions are formed 
without varying pretilt angle, the formation of the regions is achieved without affecting viewing characteristics even in 
areas such as pixel regions. It is thought that anchoring energy in particular is related to the formation of transition 
seed generation regions. 

5 

Example 8 

[0438] Except for applying polarized light having an irradiation intensity of 800 mJ/cm 2 to center portions of pixel 
regions in an irradiation direction that forms an angle of 45° with the substrates and is lined up with the draining direction 
10 and applying polarized light having an irradiation intensity of 400 m J/cm 2 to perimeter portions in an irradiation direction 
that forms an angle of 45° with the substrates and is lined up with the draining direction , a liquid crystal display element 
T of the present invention was fabricated in the same manner as the element of example 4. 

Example 9 

15 

[0439] Except for applying polarized light having an irradiation intensity of 400 mJ/cm 2 to center portions of pixel 
regions in an irradiation direction that forms an angle of 45° with the substrates and is lined up with the draining direction 
and applying polarized light having an irradiation intensity of 800 mJ/cm 2 to perimeter portions in an irradiation direction 
that forms an angle of 45° with the substrates and is lined up with the draining direction, a liquid crystal display element 
20 u of the present invention was fabricated in the same manner as the element of example 4. 

Comparative Example 10 

[0440] Except for applying, without using a photomask, polarized light having an irradiation intensity of 400 mJ/cm 2 
25 to all areas of the pixel regions in an irradiation direction that is perpendicular to the substrates and is lined up with the 
draining direction, a liquid crystal display element V for comparison was fabricated in the same manner as the element 
of example 8. 

Comparative Example 1 1 

30 

[0441] Except for applying, without using a photomask, polarized light having an irradiation intensity of 800 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that is perpendicular to the substrates and is lined up with the 
draining direction, a liquid crystal display element W for comparison was fabricated in the same manner as the element 
of example 8. 

35 

Conditions of film fabrication and display characteristics 

[0442] Polar anchoring energy and splay-bend transition voltage in the liquid crystal display elements T and U of the 
present invention and the liquid crystal display elements V and W for comparison were measured. Using a polarized 
40 light microscope, the orientation uniformity of the liquid crystal (brightness variances) during operation was observed. 
The results are shown in Table 8. Orientation uniformity was evaluated as good in the case of uniform and good bright- 
ness and as fair in the case of somewhat non-uniform brightness. 



Table 8 



45 


Liquid crystal display 
element 


T 


U 


V 


W 


50 


Polar anchoring energy (J/ 
m 2 ) 


Transition seed regions: 

5.1 x 10' 5 
Other regions: 

1.2 X10- 4 


Transition seed regions: 1 .2 
x 10" 4 

Other regions: 
5.1 x 10- 5 


5.1 x 10 5 


1.2X10 4 




Splay-bend transition 
voltage (V) 


20 


20 


25 


26 


55 


Orientation Uniformity 


Transition seed regions: 
good 

Other regions: good 


Transition seed regions: 
good 

Other regions: good 


Fair 


Fair 
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As is understood from these results, a liquid crystal display element of the present embodiment achieves a reduction 
in the splay-bend transition voltage. In addition, it is understood that a liquid crystal display element of the present 
embodiment improves brightness variance. It was determined that each transition seed region should be 5 u,m square 
or larger. 

5 

Examples of the Fifth Invention Group 
Embodiment 5 

10 [0443] A liquid crystal display element of the present embodiment has regions having different liquid crystal molecule 
pretilt angles and different liquid crystal molecule anchoring energies at the orientation films in correspondence with 
the orientation anisotropies of the orientation films. 

[0444] The construction of an element of the present embodiment is like that of elements of embodiments 1 and 3. 
A liquid crystal display element having the advantageous effects of both is provided. 

15 

Embodiment 6 

[0445] A liquid crystal display element of the present embodiment has a plurality of regions having different liquid 
crystal molecule pretilt angles and different liquid crystal molecule anchoring energies at the orientation films in corre- 
20 spondence with the orientation anisotropies of the orientation films. 

[0446] The construction of an element of the present embodiment is like that of embodiments 2 and 4. A liquid crystal 
display element having the advantageous effects of both is provided. 

Example 13 

25 

[0447] Except for applying polarized light having an irradiation intensity of 400 mJ/cm 2 to inner regions of the pixel 
regions in an irradiation direction that is perpendicular to the substrates and is lined up with the draining direction and 
applying polarized light having an irradiation intensity of 400 mJ/cm 2 to transverse electric field suppressing regions 
of the pixel regions in an irradiation direction that forms an angle of 45° with the substrates and is lined up with the 
30 draining direction, a liquid crystal display element II of the present invention was fabricated in the same manner as the 
element of example 2. 

Example 14 

35 [0448] Except for applying polarized light having an irradiation intensity of 400 mJ/cm 2 to inner regions of the pixel 
regions in an irradiation direction that is perpendicular to the substrates and is lined up with the draining direction and 
applying polarized light having an irradiation intensity of 800 mJ/cm 2 to transverse electric field suppressing regions 
of the pixel regions in an irradiation direction that forms an angle of 90° with the substrates and is lined up with the 
draining direction, a liquid crystal display element III of the present invention is fabricated in the same manner as the 

40 element of example 2. 

Comparative Example 12 

[0449] Except for applying, without using a photomask, polarized light having an irradiation intensity of 400 mJ/cm 2 
45 to all areas of the pixel regions in an irradiation direction that is perpendicular to the substrates and is lined up with the 
draining direction, a liquid crystal display element IV for comparison is fabricated in the same manner as the element 
of example 13. 

Comparative Example 11 

50 

[0450] Except for applying, without using a photomask, polarized light having an irradiation intensity of 400 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that forms an angle of 45° with the substrates and is lined up 
with the draining direction, a liquid crystal display element VI for comparison is fabricated in the same manner as the 
element of example 13. 

55 

Conditions of film fabrication and display characteristics 

[0451] Polar anchoring energy and splay-bend transition voltage in the liquid crystal display elements II and III of the 
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present invention and the liquid crystal display elements IV and VI for comparison were measured. Using a polarized 
light microscope, uniformity of the liquid crystal (brightness variances) during operation was observed. The results are 
shown in Table 9. 



Table 9 



Liquid crystal 
display element 


II 


III 


IV 


VI 


Pretilt angle (°) 


Inner regions: 3 
Transverse electric 
field suppressing 
regions: 5 


Inner regions: 3 
Transverse electric 
field suppressing 
regions: 3 


3 


5 


Polar anchoring 
energy (J/m 2 ) 


Inner regions: 
7.3 X 10- 5 
Transverse electric 
field suppressing 
regions: 5.1 x 10- 5 


Inner regions: 
7.3 x 10- 5 
Transverse electric 
field suppressing 
regions: 1.7 x 10' 4 


7.3 x 10" 5 


5.1 X 10- 5 


Liquid crystal 
orientation defects 


None 


None 


Transverse electric 
field disclination 
generation 


None 


Hue 


Good 


Good 


Good 


Not so good 


Viewing angle 


Symmetrical 


Symmetrical 


Symmetrical 


Nonsymmetrical 



[0452] As is understood from the table, a TN mode liquid crystal display element of the present embodiment has no 
liquid crystal defects during operation and demonstrates excellent hue and viewing characteristics. 

Example 15 

30 

[0453] Except for applying polarized light having an irradiation intensity of 800 mJ/cm 2 to electrode formation regions 
in an irradiation direction that is perpendicular to the substrates and is lined up with the draining direction and applying 
polarized light having an irradiation intensity of 800 mJ/cm 2 to an electrode non-formation region in an irradiation 
direction that forms an angle of 45° with the substrates and is lined up with the draining direction, a liquid crystal display 
35 element i of the present invention was fabricated in the same manner as the element of example 3. 

Example 16 

[0454] Except for applying polarized light having an irradiation intensity of 400 mJ/cm 2 to electrode formation regions 
40 in an irradiation direction that is perpendicular to the substrate and is lined up with the draining direction and applying 
polarized light having an irradiation intensity of 800 mJ/cm 2 to an electrode non-formation region in an irradiation 
direction that forms an angle of 45° with the substrates and is lined up with the draining direction, a liquid crystal display 
element ii of the present invention was fabricated in the same manner as the element of example 3. 

45 Comparative Example 12 

[0455] Except for applying, without using a photomask, polarized light having an irradiation intensity of 800 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that is perpendicular to the substrates and is lined up with the 
draining direction , a liquid crystal display element iii for comparison was fabricated in the same manner as the element 
50 of example 15. 

Conditions of film fabrication and display characteristics 

[0456] Pretilt angle, azimuthal anchoring energy, and response speed in the liquid crystal display elements i and ii 
55 of the present invention and in the liquid crystal display element iii for comparison were measured. The results are 
shown in Table 10. 
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Table 10 



Liquid crystal display element 




jj 


iii 


Pretilt angle (°) 


Formation regions: 5 
Non -formation region: 3 


Formation regions: 3 
Non-formation region: 3 


3 


Polar anchoring energy (J/m 2 ) 


Formation regions: 2.5 x 10" 4 
Non-formation region: 3.2 x 
10- 4 


Formation regions: 3.2 x 10" 4 
Non-formation region: 1.9 x 10** 


3.2 x 10-4 


Response speed (ms) 


30 


35 


40 



[0457] As is clear from the table, an IPS mode liquid crystal display element of the present embodiment realizes an 
improvement in response speed during operation. 

15 

Example 1 7 

[0458] Except for applying polarized light having an irradiation intensity of 800 m J/cm 2 to electrode formation regions 
in an irradiation direction that forms an angle of 45° with the substrates and is lined up with the draining direction and 
20 applying polarized light having an irradiation intensity of 400 rnJ/cm 2 to an electrode non-formation region in an irra- 
diation direction that is perpendicular to the substrates and is lined up with the draining direction, a liquid crystal display 
element iv of the present invention wass fabricated in the same manner as the element of example 3. 

Example 1 8 

25 

[0459] Except for applying polarized light having an irradiation intensity of 800 mJ/cm 2 to electrode formation regions 
in an irradiation direction that forms an angle of 45° with the substrates and is lined up with the draining direction and 
applying polarized light having an irradiation intensity of 800 mJ/cm 2 to an electrode non-formation region of the pixel 
regions in an irradiation direction that is perpendicular to the substrates and is lined up with the draining direction, a 
30 liquid crystal display element v of the present invention was fabricated in the same manner as the element of example 3. 

Comparative Example 1 3 

[0460] Except for applying, without using a photomask, polarized light having an irradiation intensity of 400 mJ/cm 2 
35 to all areas of the pixel regions in an irradiation direction that is perpendicular to the substrates and is lined up with the 
draining direction, a liquid crystal display element vi for comparison was fabricated in the same manner as the element 
of example 15. 

Comparative Example 14 

40 

[0461] Except for applying, without using a photomask, polarized light having an irradiation intensity of 800 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that is perpendicular to the substrates and is lined up with the 
draining direction, a liquid crystal display element vii for comparison was fabricated in the same manner as the element 
of example 15. 

45 

Comparative Example 15 

[0462] Except for applying, without using a photomask, polarized light having an irradiation intensity of 800 mJ/cm 2 
to all areas of the pixel regions in an irradiation direction that forms an angle of 45° with the substrates and is lined up 
50 with the draining direction, a liquid crystal display element viii for comparison was fabricated in the same manner as 
the element of example 15. 

Conditions of film fabrication and display characteristics 

55 [0463] Pretilt angle, azimuthal anchoring energy, voltage-transmissivity characteristics, contrast ratio given these 
voltage-transmissivity characteristics, and response speed (time for the change in transmissivity from 1 0% to 90%) of 
the liquid crystal during operation were measured in the liquid crystal display elements i and ii of the present invention 
and in the liquid crystal display element iii for comparison. The results are shown in Table 11. 
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Table 11 



5 


Liquid crystal 


Voltage- 

trancmieeK/ih/ 
udl lol I iloolVliy 

characteristics 
V: voltage (V) 
T: transmissivity 
(%) 


Azimuthal 
ancnonng energy 
(J/m 2 ) 


Pretilt Angle 
( ) 


Contrast 


Response Speed 
(ms) 


10 




V = 3.71,T= 10 

V = 5.02, T=90 
AV(10,90) = 1.31 


Not measured 


Not measured 


300 


35 


15 


ii 


V = 3.41,T= 10 
V= 5.21, T= 90 
AV (10, 90)= 1.31 


Not measured 


Not measured 


280 


25 




iii 


V = 2.64, T = 10 

V = 4.72, T = 90 
AV (10, 90) = 2.08 


2.3 x 10- 4 


3 


220 


35 


20 


iv 


V= 3.89, T= 10 
V=5.83, T= 90 
AV (10, 90)= 1.94 


1.2 x 10- 3 


3 


340 


40 


25 


V 


V = 3.47, T= 10 
V=5.23, T= 90 
AV (10, 90)= 1.76 


1.0 x 10-3 


3 


250 . 


30 



[0464] As is clear from the table, an IPS mode liquid crystal display element of the present embodiment has excellent 
contrast ratio and response speed. In addition, an IPS model liquid crystal display element having driving that shows 
steep transmission and having a greater number of scan lines can be provided. 



Examples of the Seventh Invention Group 
Example 7 

35 

[0465] In a liquid crystal display element of the present embodiment, liquid crystal is not injected into portions that 
do not contribute to image display. This is achieved by the provision of at least one orientation film composed of mol- 
ecules having a photosensitive group and the formation of at least two regions having differing orientation anisotropies 
by irradiation of the molecules with polarized light, whereby the contact angle between the liquid crystal and the ori- 
40 entation film is made different in correspondence with the orientation anisotropies of the regions of the orientation film. 
[0466] In the present embodiment, the contact angle is defined as the angle, spanning the liquid crystal, formed by 
the liquid crystal surface with the orientation film surface. 

[0467] The contact angle should be 40° or higher as liquid crystal cannot be injected in a region having a contact 
angle of 40° or higher. 

45 [0468] The method of providing an orientation film with a contact angle is the same as that for providing an orientation 
film with a contact angle. As it is an object of the present embodiment to form a region in which liquid crystal is not 
injected, this region may be formed without consideration of pretilt angle and pretilt direction. 
[0469] The present embodiment is substantially like embodiment 2. 

50 Example 1 9 

[0470] First, for the formation of orientation films, a solution for the fabrication of orientation films was prepared. 
Specifically, C 6 H 5 -CH=CH-CO-0-(CH 2 ) 6 -0-SiCI 3 was mixed and dissolved in hexamethyldisiloxane under a dry at- 
mosphere to form a 10' 3 mol/L solution. 
55 [0471] As is shown in Fig. 2(a), a substrate for OCB mode having pixel electrodes formed thereon was provided and 
the solution described above applied to the substrate surface under a dry atmosphere (relative humidity of 5% or less). 
A printing press was used in the application. The thickness of the applied film was made to be approximately 1 urn. 
After the hexamethyldisiloxane contained in the applied film was evaporated, the substrate was then baked for a spec- 
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ified length of time to form an orientation film (see Fig. 2(b)). 

[0472] The substrate having an orientation film formed thereon was then immersed in chloroform, a nonaqueous 
solvent, and the substrate was washed (washing step, see Fig. 2(c)). In a fixed upright position, the substrate was then 
lifted from the chloroform and the chloroform was drained (draining orientation step, see Fig. 2(d)). The draining direc- 
tion was made to be parallel to the substrate. Thus, molecules making up the orientation film were inclined in the 
draining direction, the direction opposite to the direction of lifting, and oriented accordingly. 

[0473] After the draining orientation step, polarized ultraviolet light was applied utilizing masking with a photomask. 
Specifically, the display region of the liquid crystal display element was masked and polarized ultravioiet light was 
applied. The polarization direction of the ultravioiet light was lined up with the draining direction, and the direction of 
the applied light was set so as to be perpendicular to the substrate surface along the draining direction. Irradiation 
intensity was set at 1 000 mJ/cm 2 . 

[0474] The contact angle inside and outside the display region was then measured using liquid crystal for OCB mode, 

and it was determined that the value within the display region was 20° and the value outside the display region 60°. 

The liquid crystal for OCB mode was then applied to the whole surface of the substrate, and the substrate was rotated 

at 3000 rpm using a spin coater to remove the liquid crystal from the region outside the display region. 

[0475] The pair of substrates was then adhered together to fabricate a liquid crystal display element of the present 

embodiment. 

[0476] It was demonstrated that this liquid crystal display element has excellent display characteristics. The method 
of producing the liquid crystal display element is also simpler than the conventional vacuum injection. 

Examples of the Eighth Invention Group 

[0477] Embodiment 8A purpose of the present embodiment is to provide an optically anisotropic film, useful for a 

liquid crystal display element having more than one liquid crystal orientation, which contributes to the realization of a 

liquid crystal display element that further has no coloration, but excellent display characteristics. 

[0478] An optically anisotropic film of the present embodiment is formed of a liquid crystal polymer that is optically 

positive and uniaxial and of a polymerizable polymer. A liquid crystal polymer that is optically positive and uniaxial is 

employed. 

[0479] The liquid crystal polymer is not particularly limited, but it is desirable that a cholesteric liquid crystal polymer 
or a discotic liquid crystal polymer be used. These liquid crystal polymers are polymeric liquid crystal or a mixture of 
polymers and low molecular liquid crystal. 

[0480] The polymerizable polymer is not particularly limited, but it is desirable that the substance be optically isotropic 
after polymerization for enhancing the advantageous effects of an opticaily anisotropic film of the present embodiment. 
Specifically, examples include a phenoxyether-based crosslinked resin, epoxy resin, acrylic epoxy resin, melamine 
resin, phenol resin, melamine resin, and the like. 

[0481] When, for the polymerizable polymer, a polymer that has orientation is used, such as polyvinyl alcohol, eth- 
ylene vinyl alcohol copolymer, polyimide resin, polyparabanic-based resin, or the like, the advantageous effects of the 
present embodiment are further enhanced. 

[0482] As for optically isotropic properties, the value for retardation is 60 nm or less, preferably 30 nm or less, and 
the visible light transmissivity is 60% or higher, preferably 70% or higher. 

[0483] The method of producing an optically anisotropic film of the present embodiment is described below. 
[0484] First, an orientation film having a plurality of regions with different orientation anisotropies is formed on a 
substrate. Such an orientation film should be formed on at least one of a pair of substrates. In forming a plurality of 
regions, a known method such as a rubbing method or a photoalignment method may be carried out. In particular, in 
a liquid crystal display element having more than one liquid crystal orientation, it is desirable that a plurality of regions 
corresponding to the orientation divisions be provided in cases of employing an optically anisotropic film of the present 
embodiment. 

[0485] Spacers are then dispersed on one of the substrates, sealing material applied on the perimeter of one of the 
substrates so that the application formation was a frame shape, and the substrates adhered together. Thus, an empty 
cell is fabricated. It is suitable that the distance between the substrates be approximately in the range of 100-200 um 
[0486] The polymerizable polymer and the liquid crystal polymer are injected between the substrates through an 
injection port to form a layer of polymerizable polymer and the liquid crystal polymer, 

[0487] By polymerizing the polymerizable polymer and the liquid crystal polymer, a polymer is fabricated. The method 
of polymerization is not particularly limited, but heating or application of light, for example, may be employed for the 
polymerization. 

[0488] The polymer is then removed from the cell to obtain an optically anisotropic film of the present embodiment. 
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Example 20 

[0489] First, for the formation of orientation films, a solution for the fabrication of orientation films was prepared. 
Specifically, C 6 H 5 -CH=CH-CO-0-(CH 2 ) 6 -0-SiCl 3 was mixed and dissolved in hexamethyldisiloxane under a dry at- 
5 mosphere to form a 10" 3 mol/L solution. 

[0490] As is shown in Fig. 2(a), a substrate for OCB mode having pixel electrodes formed thereon was provided and 
the solution described above applied to the substrate surface under a dry atmosphere (relative humidity of 5% or less). 
A printing press was used in the application. The thickness of the applied film was made to be approximately 1 u,m. 
After the hexamethyldisiioxane contained in the applied film was evaporated, the substrate was then baked for a spec- 

10 jfied length of time to form an orientation film (see Fig. 2(b)). 

[0491] The substrate having an orientation film formed thereon was then immersed in chloroform, a nonaqueous 
solvent, and the substrate was washed (washing step, see Fig. 2(c)). In a fixed upright position, the substrate was then 
lifted from the chloroform and the chloroform was drained (draining orientation step, see Fig. 2(d)). The draining direc- 
tion was made to be parallel to the substrate. Thus, molecules making up the orientation film were inclined in the 

15 draining direction, the direction opposite to the direction of lifting, and oriented accordingly 

[0492] After the draining orientation step, polarized ultraviolet light was applied utilizing masking with a photomask. 
Specifically, the regions (perimeter portions) other than the center portions (50 \xm x 210 u/n) of each pixel (80 u.m x 
240 \xm) were masked, and polarized ultraviolet light applied. The polarization direction of the ultraviolet light was lined 
up with the draining direction, and the direction of the applied light was set so as to be perpendicular to the substrate 

20 surface along the draining direction. Irradiation intensity was set at 400 mJ/cm 2 . After this mask was removed, the 
center portion of each pixel was masked, and polarized ultraviolet light applied. The polarization direction of the ultra- 
violet light was lined up with the draining direction, and the direction of the applied light was set so as to form a 45° 
angle with the substrate surface along the draining direction. Irradiation intensity was set at 400 mJ/cm 2 . 
[0493] Spacers were then dispersed on one of the substrates and sealing material was applied on the perimeter of 

25 one of the substrates so that the application formation was a frame shape. The substrate and the counter substrate 
were then adhered together. 

[0494] Polyvinyl alcohol, serving as the polymerizable polymer and liquid crystal polymer were mixed at a weight 
ratio of 10 to 90, injected between the substrate and the counter substrate, and polymerized for 12 hours at 120°C. 
The cell was then disassembled to obtain an optically anisotropic film of the present embodiment. 
30 [0495] When this optically anisotropic film is fixed to the OCB mode liquid crystal display element D, the twist is 
reversed. In addition, because the optically anisotropic film changes the degree of the pretilt in correspondence with 
the regions having differing degrees of pretilt in the liquid crystal display element D, coloration arising when viewing 
from a diagonal direction is reduced. 

35 INDUSTRIAL APPLICABILITY 

[0496] By irradiating the orientation films of a liquid crystal display element with polarized ultraviolet light, orientation 
films are obtained that can induce a pretilt angle in liquid crystal molecules for various modes of liquid crystal display. 
[0497] ATN mode liquid crystal display that prevents disclination caused by a transverse electric field and suppresses 
40 reduction in contrast caused by this disclination can be obtained by the provision, in perimeter portions of pixel regions 
in the liqu id crystal layer, of transverse electric field suppressing regions for orienting liquid crystal molecules to a higher 
pretilt angle than do inner regions of pixel regions. 

[0498] An IPS mode liquid crystal display element having good response speed can be obtained by making the pretilt 

angle of liquid crystal molecules in first regions greater than that of liquid crystal molecules in a second region. Liquid 
45 crystal alignment is controlled by electric field components above the electrodes in the first regions and by transverse 

electric field components in the region corresponding to the area between the pairs of the electrodes. 

[0499] By providing transition seed generation regions for accelerating a transition in the liquid crystal layer from 

splay alignment to bend alignment with the application of a voltage between the electrodes, a liquid crystal display 

element with no display defects and excellent display quality can be obtained in which the splay-bend transition voltage 
so is reduced by the almost certain generation of transition seeds. Each of the transition seed generation regions has a 

high pretilt region for orienting liquid crystal molecules to a higher pretilt angle than do other regions. 

[0500] As is demonstrated by the explanation above, the problems to be solved by the present invention are overcome 

by employing the constructions of the present invention. 

[0501] Thus, the present invention is of great value to industry. 

55 
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Claims 

1. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light, and wherein a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the 
orientation film provided on an inner side of one of the opposed substrates differs from a pretilt angle of liquid 
crystal molecules corresponding to the orientation anisotropy of the orientation film provided on an inner side of 
the other opposed substrate. 

2. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light of different irradiation intensity, and wherein a pretilt angle of liquid crystal molecules corresponding to the 
orientation anisotropy of the orientation film provided on an inner side of one of the opposed substrates differs 
from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation film 
provided on an inner side of the other opposed substrate. 

3. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light applied at different angles to the substrates, and wherein a pretilt angle of liquid crystal molecules correspond- 
ing to the orientation anisotropy of the orientation film provided on an inner side of one of the opposed substrates 
differs from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation 
film provided on an inner side of the other opposed substrate. 

4. The liquid crystal display element according to any of claims 1 to 3, wherein one of the opposed substrates has 
opposed electrodes on a surface thereof, and wherein the pretilt angle of the liquid crystal molecules corresponding 
to the orientation anisotropy of the orientation film provided on the inner side of the one opposed substrate being 
greater than the pretilt angle of the liquid crystal molecules corresponding to the orientation anisotropy of the 
orientation film provided on the inner side of the other opposed substrate. 

5. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light under different irradiation conditions so that the orientation anisotropy of the one thin film and 
that of the other thin film are made different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

6. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light of different irradiation intensity so that the orientation anisotropy of the one thin film and that of 
the other thin film are made different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

7. A method of producing a liquid crystal display element comprising the steps of 
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forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light having parallel planes of polarization and different angles of incidence with respect to surfaces 
of the substrates so that the orientation anisotropy of the one thin film and that of the other thin film are made 
different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

The method of producing a liquid crystal display element according to any of claims 5 to 7, wherein one of the 
opposed substrates has opposed electrodes on a surface thereof, and the orientation treatment is carried out 
under orientation conditions such that a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of the one opposed substrate is made greater than a 
pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided 
on an inner side of the other opposed substrate. 

A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropics, the molecules having been irradiated 
with polarized light, and wherein liquid crystal molecules have pretilt angles such as to correspond to the orientation 
anisotropies of the regions of the orientation film. 

0. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
of differing irradiation intensities, and wherein the liquid crystal molecules have different pretilt angles such as to 
correspond to the orientation anisotropies of the regions of the orientation film. 

1. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
applied at differing angles to the substrates, and wherein liquid crystal molecules have different pretilt angles such 
as to correspond to the orientation anisotropies of the regions of the orientation film. 

2. The liquid crystal display element according to any of claims 9 to 11 , wherein the orientation film having the at 
least two regions with different orientation anisotropies is provided on an inner side of each of the opposed sub- 
strates such that regions of the orientation films having a same orientation anisotropy are opposed to one another. 

3. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light under different irradiation conditions to form at least two regions having different orientation anisotropies 
on the at least one of the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

4. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light of different irradiation intensity to form at least two regions having different orientation anisotropies on 
the at least one of the thin films; 
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forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

15. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light having parallel planes of polarization and at leasttwo different angles of incidence with respect to surfaces 
of the substrates to form at least two regions having different orientation anisotropies on the at least one of 
the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

16. A liquid crystal display element wherein: 

the liquid crystal display element is a twisted nematic orientation mode liquid crystal display element comprising 
a liquid crystal layer with an initial orientation state in twisted orientation mode provided between a pair of 
substrates; and 

a transverse electric field suppressing region in which liquid crystal molecules have been oriented at a higher 
pretilt angle than are liquid crystal molecules in an inner region of each pixel region is provided in a perimeter 
portion of each pixel region in the liquid crystal layer. 

17. The liquid crystal display element according to claim 16, wherein: 

an orientation film for orienting liquid crystal molecules in a specified direction is provided on an inner side of 
each of the substrates; and 

the orientation film comprises a high pretilt angle region for initially orienting liquid crystal molecules at a high 
pretilt angle in each of the transverse electric field suppressing regions and a low pretilt angle region for initially 
orienting liquid crystal molecules at a low pretilt angle in each of the inner regions. 

18. The liquid crystal display element according to claim 17, wherein the orientation film at least contains thin film 
components each having a photosensitive group, the photosensitive groups being polymerized and fixed in a 
desired direction. 

1 9. The liquid crystal display element according to claim 1 7, wherein the orientation film is a thin film formed of a group 
of molecules including at least molecules of a silane-based compound each having a photosensitive group, the 
group of molecules being bonded and fixed to each of the substrates. 

20. The liquid crystal display element according to claim 19, wherein the group of molecules is inclined in a specified 
direction and the photosensitive groups are polymerized and fixed in the specified direction. 

21. The liquid crystal display element according to claims 19 or 20, wherein the orientation film is a monomolecular 
film. 2 

22. A method of producing a liquid crystal display element that is a twisted nematic orientation mode liquid crystal 
display element having a liquid crystal layer with an initial orientation state in twisted orientation mode provided 
between a pair of substrates, the method comprising the steps of: 

forming orientation films on the pair of substrates; 

carrying out an orientation treatment on each of the orientation films such that orientation treatment conditions 
for regions of the liquid crystal layer corresponding to perimeter portions of pixel regions are made different 
from orientation treatment conditions for regions corresponding to inner regions, which are regions other than 
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the perimeter portions, to form high pretilt angle regions for orienting liquid crystal molecules at a high pretilt 
angle in the regions corresponding to the perimeter portions and low pretilt angle regions for orienting liquid 
crystal molecules at a low pretilt angle in the regions corresponding to the inner regions; 
adhering the substrates together; and 
5 injecting a liquid crystal between the substrates through an injection port to form a liquid crystal layer; 

whereby transverse electric field suppressing regions are formed in the perimeter portions of the pixel regions 
in the liquid crystal layer, the transverse electric field suppressing regions orienting liquid crystal molecules to a 
higher pretilt angle than do the inner regions of the pixel regions. 

10 

23. The method of producing a liquid crystal display element according to claim 22, wherein: 

the step of carrying out an orientation treatment is a step of carrying out an orientation treatment by photoa- 
lignment with polarized light such that surfaces of the substrates having the orientation films formed thereon 
15 are irradiated with polarized light; and 

the irradiation with polarized light is carried out such that the irradiation intensity of a first polarized light applied 
to the perimeter portions of the pixel regions is made greater than the irradiation intensity of a second polarized 
light applied to the regions of the pixel regions other than the perimeter portions. 

20 24. The method of producing a liquid crystal display element according to claim 22, wherein: 

the step of carrying out an orientation treatment is a step of carrying out an orientation treatment by photoa- 
lignment with polarized light such that surfaces of the substrates having the orientation films formed thereon 
are irradiated with polarized light; and 
25 the irradiation with polarized light is carried out such that the plane of polarization of a first polarized light 

applied to the formation regions and a second plane of polarization applied to the formation regions are made 
parallel, and the angle of incidence with respect to the substrate surfaces of the first polarized light is made 
smaller than the angle of incidence with respect to the substrate surfaces of the second polarized light. 

30 25. The method of producing a liquid crystal display element according to any of claims 22 to 24, wherein the step of 
forming orientation films is such that a silane-based compound having photosensitive groups is contacted to the 
substrate surfaces under a dry atmosphere, whereby the silane-based compound is chemisorbed to the substrate 
surfaces. 

35 26. The method of producing a liquid crystal display element according to claim 25, further comprising the steps of: 

removing unadsorbed silane-based compound by washing surfaces of the substrates having the orientation 
films formed thereon using a washing solution immediately after the step of forming orientation films; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 
to washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

45 27. An in-plane switching-type liquid crystal display element comprising a liquid crystal layer provided between a pair 
of substrates and pairs of electrodes provided on one of the substrates, the display element 
wherein: 

the liquid crystal layer comprises, 
50 first regions provided above the electrodes, wherein liquid crystal alignment is controlled by electric field com- 

ponents above the electrodes; and 

a second region corresponding to an area between the pairs of electrodes, wherein liquid crystal alignment is 
controlled by transverse electric field components; 

55 wherein a pretilt angle of liquid crystal molecules in the first regions is larger than a pretilt angle of liquid 

crystal molecules in the second region. 

28. The liquid crystal display element according to claim 27, wherein an orientation film for orienting liquid crystal 
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molecules in a substantially same direction is provided on an inner side of one of the substrates, the orientation 
film having high pretilt angle regions for initially orienting liquid crystal molecules above the pairs of electrodes at 
a high pretilt angle and a low pretilt angle region for initially orienting liquid crystal molecules between the pairs of 
electrodes at a low pretilt angle. 

5 

29. The liquid crystal display element according to claim 28, wherein the orientation film controls the orientation of 
liquid crystal molecules such that pretilt angle increases continuously or In a step-wise manner toward the elec- 
trodes. 

10 30. The liquid crystal display element according to claims 27 or 28, 

wherein each of the pairs of electrodes is a transparent electrode. 

31. The liquid crystal display element according to claims 28 or 29, wherein the orientation film at least contains thin 
film component molecules each having a photosensitive group, the photosensitive groups being polymerized and 

15 fixed in a desired direction. 

32. The liquid crystal display element according to claims 28 or 29, wherein the orientation film is a thin film formed 
of a group of molecules including at least molecules of a silane-based compound each having a photosensitive 
group, the group of molecules being bonded and fixed on each of the substrates. 

20 

33. The liquid crystal display element according to claim 32, wherein the group of molecules is inclined in a specified 
direction and the photosensitive groups are polymerized and fixed in the specified direction. 

34. The liquid crystal display element according to claims 32 or33, wherein the orientation film is a monomolecularf ilm. 

25 

35. A method of producing a liquid crystal display element that is an in-plane switching-type liquid crystal display 
element provided with a liquid crystal layer between a pair of substrates and pairs of electrodes on one of the 
substrates, the method comprising the steps of: 

30 forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films such that orientation treatment conditions for 
regions above the pairs of electrodes are made different from orientation treatment conditions for regions 
corresponding to an area between the pairs of electrodes to form high pretilt angle regions for orienting liquid 
crystal molecules at a high pretilt angle in the regions above the pairs of electrodes and a low pretilt angle 

35 region for orienting liquid crystal molecules at a low pretilt angle in the region corresponding to the area between 

the pairs of electrodes; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

40 whereby in the liquid crystal layer, first regions and a second region are formed, the first regions provided 

above the electrodes, wherein liquid crystal alignment is controlled by electric field components above the elec- 
trodes, and the second region corresponding to the area between the pairs of electrodes, wherein liquid crystal 
alignment is controlled by transverse electric field components. 

45 36. The method of producing a liquid crystal display element according to claim 35, wherein: 

the step of carrying out an orientation treatment is a step of carrying out an orientation treatment such that 
surfaces of the substrates having the orientation films formed thereon are irradiated with polarized light; and 
the irradiation with polarized light is carried out such that the irradiation intensity of a first polarized light applied 
so to the regions above the pairs of electrodes is made greaterthan the irradiation intensity of a second polarized 

light applied to the region corresponding to the area between the pairs of electrodes. 

37. The method of producing a liquid crystal display element according to claims 35 or 36, wherein: 

55 the step of carrying out an orientation treatment is a step of carrying out an orientation treatment by photoa- 

lignment with polarized light such that surfaces of the substrates having the orientation films formed thereon 
are irradiated with polarized light; and 

the irradiation with polarized light is carried out such that the plane of polarization of a first polarized light 
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applied above the pairs of electrodes and a second plane of polarization applied to the region corresponding 
to the area between the electrodes are made parallel, and the angle of incidence with respect to the substrate 
surfaces of the first polarized light is made smaller than the angle of incidence with respect to the substrate 
surfaces of the second polarized light. 

5 

38. The method of producing a liquid crystal display element according to any of claims 35 to 37, wherein the step of 
forming orientation films is such that a silane-based compound having photosensitive groups is contacted to the 
substrate surfaces under a dry atmosphere, whereby the silane-based compound is chemisorbed to the substrate 
surfaces. 

10 

39. The method of producing a liquid crystal display element according to claim 38, further comprising the steps of: 

removing unadsorbed silane-based compound by washing the substrate surfaces having the orientation films 
formed thereon using a washing solution immediately after the step of forming orientation films; and 
15 temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 

washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

20 

40. A liquid crystal display element comprising a liquid crystal layer oriented in splay alignment provided between a 
pair of substrates with electrodes, each substrate having an orientation film, the display element 

wherein: 

25 at least one of the orientation films comprises thin film component molecules each having a photosensitive 

group and high pretilt regions for orienting liquid crystal molecu les to a higher pretilt angle than do other regions; 
and 

the liquid crystal layer has transition seed generation regions wherein a transition from splay alignment to 
bend alignment is accelerated by application of a voltage to the electrodes, the transition seed generation 
30 regions being formed by the high pretilt angle regions. 

41. The liquid crystal display element according to claim 40, wherein the transition seed generation regions are pro- 
vided such that each pixel region in the liquid crystal layer has at least one of the transition seed generation regions. 

35 42. The liquid crystal display element according to claims 40 or 41 , wherein the one orientation film is a thin film formed 
of a group of silane-based compound each having a photosensitive group, the group being bonded and fixed on 
one of the substrates. 

43. The liquid crystal display element according to claim 42, wherein the silane-based compound molecules comprise 
40 a linear hydrocarbon chain. 

44. The liquid crystal display element according to claims 42 or 43, wherein a photosensitive group portion in the thin 
film component molecules is polymerized and fixed in a desired direction. 

45 45, The liquid crystal display element according to any of claims 40 to 44, wherein the orientation film is a monomo- 
lecular film. 

46. The liquid crystal display element according to any of claims 40 to 45, wherein the photosensitive group portion 
is cinnamoyl groups or chalconyl groups. 

50 

47. A method of producing a liquid crystal display element having a liquid crystal layer oriented in splay alignment 
provided between a pair of substrates with electrodes, each substrate having an orientation film, the method com- 
prising the steps of: 

55 forming an orientation film comprising thin film components each having a photosensitive group on at least 

one of the substrates; 

carrying out an orientation treatment that utilizes a photoalignment method on the orientation film wherein 
irradiation conditions are varied to form high pretilt angle regions for orienting liquid crystal molecules at a 
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higher pretilt angle than do other regions; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

5 whereby transition seed generation regions for accelerating a transition from splay alignment to bend align- 

ment with application of a voltage to the electrodes are provided in the liquid crystal layer, the transition seed 
generation regions being formed by the high pretilt angle regions. 

48. The method of producing a liquid crystal display element according to claim 47, wherein the step of carrying out 
10 an orientation treatment is such that polarized light having a greater irradiation intensity than polarized light applied 

to the other regions is applied to specified regions to form the high pretilt angle regions in the specified regions. 

49. The method of producing a liquid crystal display element according to claim 47, wherein the step of carrying out 
an orientation treatment is such that polarized light having a smaller angle of incidence than polarized light applied 

is to the other regions is applied to specified regions to form the high pretilt angle regions in the specified regions. 

50. The method of producing a liquid crystal display element according to claims 47 or 48, wherein the step of carrying 
out an orientation treatment is such that a silane-based compound having photosensitive groups is contacted to 
the substrate surface under a dry atmosphere, whereby the silane-based compound is chemisorbed to the sub- 

20 st rate surface. 

51 . The method of producing a liquid crystal display element according to claim 50, further comprising the steps of: 

removing unadsorbed silane-based compound by washing a surface of the substrate having the orientation 
25 film formed thereon using a washing solution immediately after the step of forming an orientation film; and 

temporarily aligning molecules of silane-based compound adsorbed to the substrate surface by standing the 
washed substrate in a fixed direction to drain and dry washing solution remaining on the substrate surface; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
30 treatment by photoalignment with polarized light. 

52. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 

35 light, and wherein an anchoring energy, with respect to liquid crystal molecules, of the orientation film provided on 

an inner side of one of the opposed substrates differs from an anchoring energy, with respect to liquid crystal 
molecules, of the orientation film provided on an inner side of the other opposed substrate. 

53. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
40 having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 

and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light of different irradiation intensity, and wherein an anchoring energy, with respect to liquid crystal molecules, of 
the orientation film provided on an inner side of one of the opposed substrates differs from an anchoring energy, 
with respect to liquid crystal molecules, of the orientation film provided {on an inner side of the other opposed 
45 substrate. 



54. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light applied at different angles to the substrates, and wherein an anchoring energy, with respect to liquid crystal 
molecules, of the orientation film provided on an inner side of one of the opposed substrates differs from an an- 
choring energy, with respect to liquid crystal molecules, of the orientation film provided on an inner side of the 
other opposed substrate. 

55. The liquid crystal display element according to any of claims 52 to 54, wherein the molecules having a photosen- 
sitive group are molecules of a silane based compound, a group of the molecules forming a thin film bonded and 
fixed to each of the substrates. 
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56. The liquid crystal display element according to claim 55, wherein opposed electrodes are provided on one of the 
substrates. 

57. The liquid crystal display element according to claim 56, wherein the anchoring energy, with respect to liquid crystal 
5 molecules, of the orientation film provided on an inner side of one of the opposed substrates is greater than the 

anchoring energy, with respect to liquid crystal molecules, of the orientation film provided on an inner side of the 
other opposed substrate. 

58. The liquid crystal display element according to claim 57, wherein the anchoring energies are defined by azimuthal 
10 anchoring energy. 

59. A method of producing a liquid crystal display element, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 

15 carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 

polarized light under different irradiation conditions to make the orientation anisotropy of the one orientation 
film different from the orientation anisotropy of the other orientation film, so that an anchoring energy, with 
respect to liquid crystal molecules, of the one orientation film and an anchoring energy, with respect to liquid 
crystal molecules, of the other orientation film are different; 

20 forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 

injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

25 

60. A method of producing a liquid crystal display element, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
30 polarized light of different irradiation intensity so that an anchoring energy, with respect to liquid crystal mol- 

ecules, of the one orientation film and an anchoring energy, with respect to liquid crystal molecules, of the 
other orientation film are different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 
35 adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

61. A method of producing a liquid crystal display element comprising the steps of: 

40 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light having parallel planes of polarization and different angles of incidence with respect to surfaces 
of the substrates so that an anchoring energy, with respect to liquid crystal molecules, of the one orientation 
45 film and an anchoring energy, with respect to liquid crystal molecules, of the other orientation film are different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
so layer. 

62. The method of producing a liquid crystal display element according to any of claims 59 to 61 , wherein one of the 
opposed substrates has opposed electrodes on a surface thereof, and the orientation treatment is carried out 
under orientation conditions such that the anchoring energy, with respect to liquid crystal molecules, of an orien- 

55 tation film provided on an inner side of the one opposed substrate is made greater than the anchoring energy, with 

respect to liquid crystal molecules, of an orientation film provided on an inner side of the other opposed substrate. 

63. The method of producing a liquid crystal display element according to any one of claims 59 to 62, wherein the step 
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of forming thin films is such that a silane-based compound having photosensitive groups is contacted to surfaces 
of the substrate under a dry atmosphere, whereby the silane-based compound is chemisorbed to the substrate 
surfaces. 

5 64. The method of producing a liquid crystal display element according to claim 63, further comprising the steps of: 

removing unadsorbed silane-based compound by washing the substrate surfaces having the orientation films 
formed thereon using a washing solution immediately after the step of forming orientation films; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 
10 washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

is 65. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies, the molecules having been irradiated 
with polarized light, and wherein anchoring energies with respect to liquid crystal molecules are different such as 
to correspond to the orientation anisotropies of the regions of the at least one of the orientation films. 

20 

66. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
of differing irradiation intensities, and wherein anchoring energies with respect to liquid crystal molecules are dif- 

25 ferent such as to correspond to the orientation anisotropies of the regions of the at least one of the orientation films. 

67. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 

30 applied at different angles to the substrates, and wherein anchoring energies with respect to liquid crystal molecules 

are different such as to correspond to the orientation anisotropies of the regions of the at least one of the orientation 
films. 

68. The liquid crystal display element according to any of claims 65 to 67, wherein the orientation film having the at 
35 least two regions with different orientation anisotropies is provided on an inner side of each of the opposed sub- 
strates such that regions of the orientation films having a same orientation anisotropy are opposed to one another. 

69. A method of producing a liquid crystal display element comprising the steps of: 

40 forming thin films on a pair of substrates using molecules having at least a photosensitive group; 

carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light under different irradiation conditions to form at least two regions having different orientation anisotropies 
on the at least one of the thin films, whereby regions having different anchoring energies, with respect to liquid 
crystal molecules, are formed in the film; 

45 forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 

injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

50 

70. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
55 light of differing irradiation intensity to form at least two regions having different orientation anisotropies on the 

at least one of the thin films, whereby regions having different anchoring energies, with respect to liquid crystal 
molecules, are formed in the film; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 



61 



EP 1 223 604 A1 

injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

5 

71. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
10 light having parallel planes of polarization and at least two different angles of incidence with respect to surfaces 

of the substrates to form at least two regions having different orientation anisotropies on the at least one of 
the thin films, whereby regions having different anchoring energies, with respect to liquid crystal molecules, 
are formed in the film; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
15 injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

20 72. A liquid crystal display element wherein: 

the liquid crystal display element is a twisted nematic orientation mode liquid crystal display element having 
a liquid crystal layer with an initial orientation state in twisted orientation mode provided between a pair of 
substrates; 

25 an orientation film for orienting liquid crystal molecules in a specified direction is provided on an inner side of 

each of the substrates; and 

a transverse electric field suppressing region is provided in a perimeter portion of each pixel region in the 
orientation films, the transverse electric field suppressing region having a greater anchoring energy with re- 
spect to liquid crystal molecules than does an inner region of each pixel region. 

30 

73. The liquid crystal display element according to claim 72, wherein the orientation film at least contains thin film 
components each having a photosensitive group, the photosensitive groups being polymerized and fixed in a 
desired direction. 

35 74. The liquid crystal display element according to claim 72, wherein the orientation film is a thin film formed of a group 
of molecules including at least molecules of a silane-based compound each having a photosensitive group, the 
group of molecules being bonded and fixed to each of the substrates. 

75. The liquid crystal display element according to claim 74, wherein the group of molecules is inclined in a specified 
40 direction and the photosensitive groups are polymerized and fixed in the specified direction. 

76. The liquid crystal display element according to claim 74, wherein the orientation film is a monomolecularfilm. 

77. A method of producing a liquid crystal display element, comprising the steps of: 

45 

forming orientation films on a pair of substrates; 

carrying out an orientation treatment on each of the orientation films such that orientation treatment conditions 
for regions of the orientation films corresponding to perimeter portions of pixel regions are made different from 
orientation treatment conditions for regions corresponding to inner regions, which are regions other than the 
50 perimeter portions, to form regions of the orientation films having a large anchoring energy with respect to 

liquid crystal molecules in regions corresponding to the perimeter portions and regions of the orientation films 
having a small anchoring energy with respect to liquid crystal molecules in regions corresponding to the inner 
regions; 

adhering the substrates together; and 
55 injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby transverse electric field suppressing regions are formed in the perimeter portions of the pixel regions 
of the orientation films, the transverse electric field suppressing regions having a greater anchoring energy with 
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respect to liquid r crystal molecules than do the inner regions. 

78. The method of producing a liquid crystal display element according to claim 77, wherein: 

5 the step of carrying out an orientation treatment is a step of carrying out an orientation treatment by photoa- 

lignment with polarized light such that surfaces of the substrates having the orientation films formed thereon 
are irradiated with polarized light; and 

the irradiation with polarized light is carried out such that the irradiation intensity of a first polarized light applied 
to the perimeter portions of the pixel regions is made greater than the irradiation intensity of a second polarized 
10 light applied to the regions of the pixel regions other than the perimeter portions. 

79. The method of producing a liquid crystal display element according to claim 77, wherein: 

the step of carrying out an orientation treatment is a step of carrying out an orientation treatment by photoa- 
15 lignment with polarized light such that surfaces of the substrates having the orientation films formed thereon 

are irradiated with polarized light; and 

the irradiation with polarized light is carried out such that the plane of polarization of a first polarized light 
applied to the formation regions and a second plane of polarization applied to the formation regions are made 
parallel, and the angle of incidence with respect to the substrate surfaces of the first polarized light is made 
20 smaller than the angle of incidence with respect to the substrate surfaces of the second polarized light. 

80. The method of producing a liquid crystal display element according to any of claims 77 to 79, wherein the step of 
forming orientation films is such that a silane-based compound having photosensitive groups is contacted to the 
substrate surfaces under a dry atmosphere, whereby the silane-based compound is chemisorbed to the substrate 

25 surfaces. 

81. The method of producing a liquid crystal display element according to claim 80, further comprising the steps of: 

removing unadsorbed silane-based compound by washing surfaces of the substrates having the orientation 
30 films formed thereon using a washing solution immediately after the step of forming orientation films; and 

temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 
washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
35 treatment by photoalignment with polarized light. 

82. An in-plane switching-type liquid crystal display element comprising a liquid crystal layer provided between a pair 
of substrates and pairs of electrodes provided on one of the substrates, the display element wherein: 

40 an orientation film for orienting liquid crystal molecules in a substantially same direction is provided on an inner 

side of one of the substrates; and 
the liquid crystal layer comprises, 

first regions provided above the electrodes, wherein liquid crystal alignment is controlled by electric field com- 
ponents above the electrodes; and 
45 a second region corresponding to an area between the pairs of electrodes, wherein liquid crystal alignment is 

controlled by transverse electric field components; 

wherein an anchoring energy, with respect to liquid crystal molecules, of the orientation film in the first regions 
is greater than an anchoring energy, with respect to liquid crystal molecules, of the orientation film in the second 
50 region. 

83. The liquid crystal display element according to claim 82, wherein the orientation film comprises regions having a 
large anchoring energy with respect to liquid crystal molecules above the pairs of electrodes and a region having 
a smalt anchoring energy with respect to liquid crystal molecules between the pairs of electrodes. 

55 

84. The liquid crystal display element according to claim 83, wherein the orientation film controls the orientation of 
liquid crystal molecules such that anchoring energy increases continuously or in a step-wise manner toward the 
electrodes. 
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85. The liquid crystal display element according to claims 82 or 83, wherein each of the pairs of electrodes is a trans- 
parent electrode. 

86. The liquid crystal display element according to claims 83 and 84, wherein the orientation film at least contains thin 
5 film component molecules each having a photosensitive group, the photosensitive groups being polymerized and 

fixed in a desired direction. 

87. The liquid crystal display element according to claims 83 and 84, wherein the orientation film is a thin film formed 
of a group of molecules including at least molecules of a silane-based compound each having a photosensitive 

10 group, the group of molecules being bonded and fixed to each of the substrates. 

88. The liquid crystal display element according to claim 87, wherein the group of molecules is inclined in a specified 
direction and the photosensitive groups are polymerized and fixed in the specified direction. 

15 89. The liquid crystal display element according to claims 87 or88, wherein the orientation film is a monomolecular film. 

90. A method of producing a liquid crystal display element that is an in-plane switching-type liquid crystal display 
element provided with a liquid crystal layer between a pair of substrates and pairs of electrodes on one of the 
substrates, the method comprising the steps of: 

20 

forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films such that orientation treatment conditions for 
regions above the pairs of electrodes are made different from orientation treatment conditions for a region 
corresponding to an area between the pairs of electrodes to form regions of the orientation films having a large 
25 anchoring energy with respect to liquid crystal molecules in regions above the pairs of electrodes and a region 

of the orientation films having a small anchoring energy with respect to liquid crystal molecules in the region 
corresponding to the area between the pairs of electrodes; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

30 

whereby in the liquid crystal layer, first regions and a second region are formed, the first regions provided 
above the electrodes, wherein liquid crystal alignment is controlled by electric field components above the elec- 
trodes, and the second region corresponding to the area between the pairs of electrodes, wherein liquid crystal 
alignment is controlled by transverse electric field components. 

35 

91. The method of producing a liquid crystal display element according to claim 90, wherein: 

the step of carrying out an orientation treatment is a step of carrying out an orientation treatment such that 
surfaces of the substrates having the orientation films formed thereon are irradiated with polarized light; and 
40 the irradiation with polarized light is carried out such that the irradiation intensity of a first polarized light applied 

to the regions above the pairs of electrodes is made greater than the irradiation intensity of a second polarized 
light applied to the region corresponding to the area between the pairs of electrodes. 

92. The method of producing a liquid crystal display element according to claim 91 , wherein: 

45 

the step of carrying out an orientation treatment is a step of carrying out an orientation treatment by photoa- 
lignment with polarized light such that surfaces of the substrates having the orientation films formed thereon 
are irradiated with polarized light; and 

the irradiation with polarized light is carried out such that the plane of polarization of a first polarized light 
50 applied above the pairs of electrodes and a second plane of polarization applied to the regions corresponding 

to the area between the electrodes are made parallel, and the angle of incidence with respect to the substrate 
surfaces of the first polarized light is made smaller than the angle of incidence with respect to the substrate 
surfaces of the second polarized light. 

55 93. The method of producing a liquid crystal display element according to claims 91 or 92, wherein the step of forming 
orientation films is such that a silane-based compound having photosensitive groups is contacted to the substrate 
surfaces under a dry atmosphere, whereby the silane-based compound is chemisorbed to the substrate surfaces. 
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94. The method of producing a liquid crystal display element according to claim 92 or 93, further comprising the steps of: 

removing unadsorbed silane-based compound by washing the substrate surfaces having the orientation films 
formed thereon using a washing solution immediately after the step of forming orientation films; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 
washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

95. A liquid crystal display element comprising a liquid crystal layer oriented in splay alignment provided between a 
pair of substrates with electrodes, each substrate having an orientation film, the display element wherein: 

at least one of the orientation films comprises thin film component molecules each having a photosensitive 
15 group and regions having a larger anchoring energy with respect to liquid crystal molecules than do other 

regions; and 

the liquid crystal layer has transition seed generation regions wherein a transition from splay alignment to 
bend alignment is accelerated by application of a voltage to the electrodes, the transition seed generation 
regions being formed by the regions of the orientation film having a large anchoring energy with respect to 
20 liquid crystal molecules. 

96. The liquid crystal display element according to claim 94, wherein the transition seed generation regions are pro- 
vided such that each pixel region in the liquid crystal layer has at least one of the transition seed generation regions. 

25 97. The liquid crystal display element according to claims 95 or 96, wherein the one orientation film is a thin film formed 
of a group of silane-based compound each having a photosensitive group, the group being bonded and fixed on 
one of the substrates. 

98. The liquid crystal display element according to claim 97, wherein the silane-based compound molecules comprise 
30 a linear hydrocarbon chain. 

99. The liquid crystal display element according to claims 97 or 98, 

wherein a photosensitive group portion in the thin film component molecules is polymerized and fixed in a desired 
direction. 

35 

"lOO.The liquid crystal display element according to any of claims 94 to 99, wherein the orientation film is a monomo- 
lecular film. 

101 .The liquid crystal display element according to any of claims 94 to 1 00, wherein the photosensitive group portion 
40 is cinnamoyl groups or chalconyl groups. 

102. A method of producing a liquid crystal display element having a liquid crystal layer oriented in splay alignment 
provided between a pair of substrates with electrodes, each substrate having an orientation film, the method com- 
prising the steps of: 

45 

forming an orientation film comprising thin film components each having a photosensitive group on at least 
one of the substrates; 

carrying out an orientation treatment that utilizes a photoalignment method on the orientation film wherein 
irradiation conditions are varied to form regions having a larger anchoring energy with respect to liquid crystal 
so molecules than do other regions; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby transition seed generation regions for accelerating a transition from splay alignment to bend align- 
55 ment with application of a voltage to the electrodes are provided in the liquid crystal layer, the transition seed 

generation regions being formed by the regions of the orientation film having a large anchoring energy. 

103, The method of producing a liquid crystal display element according to claim 102, wherein the step of carrying out 
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an orientation treatment is such that polarized light having a greater irradiation intensity than polarized light applied 
to the other regions is applied to specified regions to form the regions of the orientation film having a large anchoring 
energy with respect to liquid crystal molecules. 

5 104.The method of producing a liquid crystal display element according to claim 101 , wherein the step of carrying out 
an orientation treatment is such that polarized light having a smaller angle of incidence than polarized light applied 
to the other regions is applied to specified regions to form the regions of the orientation film having a large anchoring 
energy with respect to liquid crystal molecules in the specified regions. 

10 1 0S.The method of producing a liquid crystal display element according to any of claims 1 01 to 1 04, wherein the step 
of carrying out an orientation treatment is such that a silane-based compound having photosensitive groups is 
contacted to the substrate surface under a dry atmosphere, whereby the silane-based compound is chemisorbed 
to the substrate surface. 

15 l06.The method of producing a liquid crystal display element according to claim 105, further comprising the steps of: 

removing unadsorbed silane-based compound by washing a surface of the substrate having the orientation 
film formed thereon using a washing solution immediately after the step of forming an orientation film; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surface by standing the 
20 washed substrate in a fixed direction to drain and dry washing solution remaining on the substrate surface; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

25 107.A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light, and wherein a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the 
orientation film provided on an inner side of one of the opposed substrates differs from a pretilt angle of liquid 

30 crystal molecules corresponding to the orientation anisotropy of the orientation film provided on an inner side of 

the other opposed substrate and an anchoring energy, with respect to liquid crystal molecules, of the orientation 
film on the inner side of the one of the opposed substrates differs from an anchoring energy, with respect to liquid 
crystal molecules, of the orientation film provided on the inner side of the other of the opposed substrates. 

35 108.A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light of different irradiation intensity, and wherein a pretilt angle of liquid crystal molecules corresponding to the 
orientation anisotropy of the orientation film provided on an inner side of one of the opposed substrates differs 

40 from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation film 

provided on an inner side of the other opposed substrate and an anchoring energy, with respect to liquid crystal 
molecules, of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring 
energy, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other of the 
opposed substrates. 

45 

109. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light applied at different angles to the substrates, and wherein a pretilt angle of liquid crystal molecules correspond- 

50 jng to the orientation anisotropy of the orientation film provided on an inner side of one of the opposed substrates 

differs from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation 
film provided on an inner side of the other opposed substrate and an anchoring energy, with respect to liquid crystal 
molecules, of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring 
energy, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other of the 

55 opposed substrates. 

110. A method of producing a liquid crystal display element comprising the steps of: 
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forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light under different irradiation conditions so that the orientation anisotropy of the one thin film and 
that of the other thin film are made different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of one of the opposed substrates differs from a pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided on an 
inner side of the other opposed substrate and an anchoring energy region, with respect to liquid crystal molecules, 
of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring energy 
region, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other of the 
opposed substrates. 

111. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light of different irradiation intensity so that the orientation anisotropy of the one thin film and that of 
the other thin film are made different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of one of the opposed substrates differs from a pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided on an 
inner side of the other opposed substrate and an anchoring energy region, with respect to liquid crystal molecules, 
of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring energy 
region, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other of the 
opposed substrates. 

112. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light having parallel planes of polarization and different angles of incidence with respect to surfaces 
of the substrates so that the orientation anisotropy of the one thin film and that of the other thin film are made 
different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of one of the opposed substrates differs from a pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided on an 
inner side of the other opposed substrate and an anchoring energy region, with respect to liquid crystal molecules, 
of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring energy 
region, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other of the 
opposed substrates. 
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113. The method of producing a liquid crystal display element according to any of claims. 110 to 112, wherein one of 
the opposed substrates has opposed electrodes on a surface thereof, and the orientation treatment is carried out 
under orientation conditions such that the pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of the orientation film provided on the inner side of the one opposed substrate is made greater than the 
pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation film provided 
on the inner side of the other opposed substrate and such that the anchoring energy, with respect to liquid crystal 
molecules, of the orientation film provided on the inner side of the one opposed substrate is made greater than 
the anchoring energy, with respect to liquid crystal molecules, of the orientation film provided on the inner side of 
the other opposed substrate. 

114. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies, the molecules having been irradiated 
with polarized light, and wherein pretilt angles of liquid crystal molecules and anchoring energies, with respect to 
liquid crystal molecules, of the orientation film are different such as to correspond to the orientation anisotropies 
of the regions of the orientation film. 

115. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
of differing irradiation intensities, and wherein pretilt angles of liquid crystal molecules and anchoring energies, 
with respect to liquid crystal molecules, of the orientation film are different such as to correspond to the orientation 
anisotropies of the regions of the orientation film. 

116. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
applied at differing angles to the substrates, and wherein pretilt angles of liquid crystal molecules and anchoring 
energies, with respect to liquid crystal molecules, of the orientation film are different such as to correspond to the 
orientation anisotropies of the regions of the orientation film. 

117. The liquid crystal display element according to any of claims 114 to 116, wherein the orientation film having the at 
least two regions with different orientation anisotropies is provided on an inner side of each of the opposed sub- 
strates such that regions of the orientation films having a same orientation anisotropy are opposed to one another. 

11 8. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light under different irradiation conditions to form at least two regions having different orientation anisotropies 
on the at least one of the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of at least one of the opposed substrates differs from a 
pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided 
on an inner side of the other opposed substrate and an anchoring energy region, with respect to liquid crystal 
molecules, of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring 
energy region, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other 
of the opposed substrates. 

11 9. A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
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carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light of different irradiation intensity to form at least two regions having different orientation anisotropies on 
the at least one of the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
5 injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

'0 whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 

anisotropy of an orientation film provided on an inner side of at least one of the opposed substrates differs from a 
pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided 
on an inner side of the other opposed substrate and an anchoring energy region, with respect to liquid crystal 
molecules, of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring 

is energy region, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other 

of the opposed substrates. 

120.A method of producing a liquid crystal display element comprising the steps of: 

20 forming thin films on a pair of substrates using molecules having at least a photosensitive group; 

carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light having parallel planes of polarization and at least two different angles of incidence with respect to surfaces 
of the substrates to form at least two regions having different orientation anisotropies on the at least one of 
the thin films; 

25 forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 

injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

30 

whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of at least one of the opposed substrates differs from a 
pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided 
on an inner side of the other opposed substrate and an anchoring energy region, with respect to liquid crystal 
35 molecules, of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring 

energy region, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other 
of the opposed substrates. 

121 .A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
40 having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 

group and has at least two regions with different orientation anisotropies, the molecules having been irradiated 
with polarized light, and wherein contact angles between the liquid crystal and the orientation film are different 
such as to correspond to the orientation anisotropies of the regions of the orientation film. 

45 122.A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
of differing irradiation intensities, and wherein contact angles between the liquid crystal and the orientation film 
are different such as to correspond to the orientation anisotropies of the regions of the orientation film. 

50 

123. A liquid crystal display element comprising a liquid crystal sandwiched between two opposed substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
applied at differing angles to the substrates, and wherein contact angles between the liquid crystal and the orien- 

55 tation film are different such as to correspond to the orientation anisotropies of the regions of the orientation film. 

124. The liquid crystal display element according to any of claims 121 to 123, wherein the contact angle in a display 
region is larger than the contact angle in a portion other than the display region. 
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125. The liquid crystal display element according to claim 124, wherein the contact angle in the portion other than the 
display region is 40° or larger from a surface of the orientation film. 

126. The liquid crystal display element according to claim 124, wherein liquid crystal is not filled into the portion other 



127. An optically anisotropic film formed of a liquid crystal polymer that is optically positive and uniaxial and of a po- 
lymerizable polymer, the film comprising at least two regions in which different orientation structures are fixed, the 
orientation structures having been formed when the liquid crystal polymer was in a liquid crystal state. 



128. The optically anisotropic film according to claim 127, wherein the liquid crystal polymer has a twist angle. 

129. The optically anisotropic film according to claims 127 or 128, wherein the liquid crystal polymer is a cholesteric 
liquid crystal polymer or a discotic liquid crystal polymer. 



130.A method of producing an optically anisotropic film, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
20 light under different irradiation conditions to form at least two regions having different orientation anisotropies 

in the at least one of the thin films; 
adhering the substrates together; 

injecting a polymerizable polymer and a liquid crystal polymer between the substrates through the injection 
port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
25 polymerizing the polymerizable polymer and the liquid crystal polymer. 

131 .A method of producing an optically anisotropic film, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
30 carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 

light of different irradiation intensity to form at least two regions having different orientation anisotropies in the 
at least one of the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a polymerizable 
polymer and liquid crystal polymer injection port; 
35 adhering the substrates together; 

injecting a polymerizable polymer and a liquid crystal polymer between the substrates through the injection 
port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
polymerizing the polymerizable polymer and the liquid crystal polymer. 

40 132.A method of producing an optically anisotropic film, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light having parallel planes of polarization and at least two different angles of incidence with respect to surfaces 
45 of the substrates to form at least two regions having different orientation anisotropies in the at least one of the 

thin films; 

adhering the substrates together; 

injecting a polymerizable polymer and a liquid crystal polymer between the substrates through the injection 
port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
50 polymerizing the polymerizable polymer and the liquid crystal polymer. 

133.A method of producing an optically anisotropic film, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
55 carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 

light having parallel planes of polarization and at least two different incidence directions with respect to surfaces 
of the substrates to form at least two regions having different orientation anisotropies in the at least one of the 
thin films;; 



5 
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adhering the substrates together; 

injecting a polymerizable polymer and a liquid crystal polymer between the substrates through the injection 
port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
polymerizing the polymerizable polymer and the liquid crystal polymer. 

134. The method of producing an optically anisotropic film according to any of claims 130 to 133, wherein, in opposing 
regions of opposed orientation films, groups of molecules making up the thin films are oriented in different directions 
such that a twist angle is formed. 

135. A liquid crystal display element comprising a liquid crystal layer sandwiched between two opposed substrates 
each having an orientation film, wherein the display element comprises an optically anisotropic film formed of a 
liquid crystal polymer that is optically positive and uniaxial and of a polymerizable polymer, the optically anisotropic 
film having at least two regions in which different orientation structures are fixed, the orientation structures having 
been formed when the liquid crystal polymer was in a liquid crystal state. 

136. The liquid crystal display element according to claim 135, wherein each pixel of the liquid crystal display element 
has a plurality of regions in which liquid crystal molecules are oriented in different orientation states. 

137. The liquid crystal display element according to claim 134, wherein the orientation state of the liquid crystal mole- 
cules is divided into a plurality of regions by use of orientation films having more than one liquid crystal orientation. 

138. The liquid crystal display element according to claims 135 or 136, wherein the orientation structure of the optically 
anisotropic film varies in correspondence with regions in which the liquid crystal molecules are oriented in different 
orientation states. 

139. The liquid crystal display element according to claim 137, wherein the pretilt direction of liquid crystal molecules 
in each of the regions and the direction of the director of molecules of the liquid crystal polymer formed with the 
film plane differ by 180°. 

140. The liquid crystal display element according to any of claims 135 to 138, wherein a plurality of regions, in each of 
the regions, in which liquid crystal molecules have a different twist, and a plurality of regions, in the optically ani- 
sotropic film, in which the liquid crystal polymer has a different twist are matched. 

141. The liquid crystal display element according to claim 139, wherein the twist of liquid crystal molecules in each of 
the regions and the twist of the liquid crystal polymer in the optically anisotropic film are the reverse of one another. 

142. The liquid crystal display element according to any of claims 135 to 140, wherein the optically anisotropic film is 
provided in a liquid crystal cell. 



BRIEF STATE WENT UNDER PCT ARTICLE 19.(1) 

The originally-filed claims 1, 5, 9, 13, 22, 35, 47, 52, 59, 65, 69, 77, 90, 102, 107, 110, 114, and 118 have been 
cancelled, as the conditions of the polarized light were not clear. In claims 1-11 (originally-filed claims 1-15), claims 
45-60 (originally-filed claims 52-71), and claims 93-102 (originally-filed claims 107-120), control of pretilt angle and/or 
anchoring energy is achieved by irradiating orientation films with polarized light of different irradiation intensity or with 
polarized light having parallel planes of polarization but different angles of incidence. In none of the references, 
GB2310048, JP1 1-1 811 27A, JP10-21 3802A, and JP1 0-20284A, is varying the conditions of the polarized light in such 
a way to control pretilt angle and/or anchoring energy disclosed. 

Claims 12-44 (originally-filed claims 16-51) have been made dependant on claims 7-11 (originally-filed claims 
9-1 5). Claims 61 -92 (originally-filed claims 72-1 06) have been made dependant on claims 56-60 (originally-filed claims 
65-71). Claims 7-11 (originally-filed claims 9-15) and claims 56-60 (originally-filed claims 65-71) have been designated 
as the main invention in the International Search Report. Thus, the amendments ensure unity of the invention among 
the claims 1-102 (originally-filed claims 1-120). 

Because of the cancellation of the claims mentioned above, the numbering of the claims 103-124 (originally-filed 
claims 121-142) has been changed. 
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Amended claims under Art. 19.1 PCT 

1 . (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 

s and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 

light of different irradiation intensity, and wherein a pretilt angle of liquid crystal molecules corresponding to the 
orientation anisotropy of the orientation film provided on an inner side of one of the substrates differs from a pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation film provided on an 
inner side of the other substrate. 

10 

2. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates each 
having an orientation film, wherein the two orientation films comprise molecules having a photosensitive group 
and have different orientation anisotropies from one another, the molecules having been irradiated with polarized 
light applied at different angles to the substrates, and wherein a pretilt angle of liquid crystal molecules correspond- 

15 ing to the orientation anisotropy of the orientation film provided on an inner side of one of the substrates differs 

from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation film 
provided on an inner side of the other substrate. 

3. (Amended) The liquid crystal display element according to claims 1 or 2, wherein one of the substrates has 
20 opposed electrodes on a surface thereof, and wherein the pretilt angle of the liquid crystal molecu les corresponding 

to the orientation anisotropy of the orientation film provided on the inner side of the one substrate being greater 
than the pretilt angle of the liquid crystal molecules corresponding to the orientation anisotropy of the orientation 
film provided on the inner side of the other substrate. 

25 4. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light of different irradiation intensity so that the orientation anisotropy of the one thin film and that of 
30 the other thin film are made different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
35 layer. 

5. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
40 carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 

polarized light having parallel planes of polarization and different angles of incidence with respect to surfaces 
of the substrates so that the orientation anisotropy of the one thin film and that of the other thin film are made 
different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
45 injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

50 6. (Amended) The method of producing a liquid crystal display element according to claims 4 or 5, wherein one of 

the substrates has opposed electrodes on a surface thereof, and the orientation treatment is carried out under 
orientation conditions such that a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy 
of an orientation film provided on an inner side of the one substrate is made greater than a pretilt angle of liquid 
crystal molecules corresponding to the orientation anisotropy of an orientation film provided on an inner side of 

55 the other substrate. 

7. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
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group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
of differing irradiation intensities, and wherein liquid crystal molecules have different pretilt angles such as to cor- 
respond to the orientation anisotropies of the regions of the orientation film. 

8. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates each 
having an orientation film, wherein at least one of the orientation films comprises molecules having a photosensitive 
group and has at least two regions with different orientation anisotropies having been irradiated with polarized light 
applied at differing angles to the substrates, and wherein the liquid crystal molecules have different pretilt angles 
such as to correspond to the regions of the orientation film. 

9. (Amended) The liquid crystal display element according to claims 7 or 8, wherein the orientation film having the 
at least two regions with different orientation anisotropies is provided on an inner side of each of the opposed 
substrates such that regions of the orientation films having a same orientation anisotropy are opposed to one 
another. 

10. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light of different irradiation intensity to form at least two regions having different orientation anisotropies on 
the at least one of the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

11. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light having parallel planes of polarization and at least two different angles of incidence with respect to surfaces 
of the substrates to form at least two regions having different orientation anisotropies on the at least one of 
the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

12. (Amended) The liquid crystal display element according to any of claims 7 to 9, wherein: 

the liquid crystal display element is a twisted nematic orientation mode liquid crystal display element comprising 
a liquid crystal layer with an initial orientation state in twisted orientation mode provided between the substrates; 
and 

a transverse electric field suppressing region in which liquid crystal molecules have been oriented at a higher 
pretilt angle than liquid crystal molecules in an inner region of each pixel region is provided in a perimeter 
portion of each pixel region in the liquid crystal layer. 

13. (Amended) The liquid crystal display element according to claim 12, wherein: 

an orientation film for orienting liquid crystal molecules in a specified direction is provided on an inner side of 
each of the substrates: and 

the orientation film comprises a high pretilt angle region for initially orienting liquid crystal molecules at a high 
pretilt angle in each of the transverse electric field suppressing regions and a low pretilt angle region for initially 
orienting liquid crystal molecules at a low pretilt angle in each of the inner regions. 

1 4. (Amended) The liquid crystal display element according to claim 1 3, wherein the orientation film at least contains 
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thin film components each having a photosensitive group, the photosensitive groups being polymerized and fixed 
in a desired direction. 

15. (Amended) The liquid crystal display element according to claim 13, wherein the orientation film is a thin film 
formed of a group of molecules including at least molecules of a silane-based compound each having a photo- 
sensitive group, the group of molecules being bonded and fixed to each of the substrates. 

16. (Amended) The liquid crystal display element according to claim 15, wherein the group of molecules is inclined 
in a specified direction and the photosensitive groups are polymerized and fixed in the specified direction. 



17. (Amended) The liquid crystal display element according to claims 15 or 16, wherein the orientation film is a 
monomolecular film. 

18. (Amended) The method of producing a liquid crystal display element according to claim 10, wherein the liquid 
crystal display element is a twisted nematic orientation mode liquid crystal display element having a liquid crystal 
layer with an initial orientation state in twisted orientation mode provided between the substrates, the method 
comprising the steps of: 

forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films by applying polarized light to surfaces of the 
substrates having the orientation films formed thereon such that the irradiation intensity of a first polarized 
light applied to perimeter portions of pixel regions is made greater than the irradiation intensity of a second 
polarized light applied to regions of the pixel regions other than the perimeter portions to form high pretilt angle 
regions for orienting liquid crystal molecules at a high pretilt angle in the regions corresponding to the perimeter 
portions and low pretilt angle regions for orienting liquid crystal molecules at a low pretilt angle in the regions 
corresponding to the inner regions; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby transverse electric field suppressing regions are formed in the perimeter portions of the pixel regions 
in the liquid crystal layer, the transverse electric field suppressing regions orienting liquid crystal molecules to a 
higher pretilt angle than do the inner regions of the pixel regions. 

19. (Amended) The method of producing a liquid crystal display element according to claim 11, wherein the liquid 
crystal display element is a twisted nematic orientation mode liquid crystal display element having a liquid crystal 
layer with an initial orientation state in twisted orientation mode provided between the substrates, the method 
comprising the steps of: 

forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films by applying polarized light to surfaces of the 
substrates having the orientation films formed thereon such that the plane of polarization of a first polarized 
light applied to regions corresponding to perimeter portions of pixel regions in the liquid crystal layer and a 
second plane of polarization applied to regions corresponding inner regions of the perimeter portions are made 
parallel, and the angle of incidence with respect to the substrate surfaces of the first polarized light is made 
smaller than the angle of incidence with respect to the substrate surfaces of the second polarized light to form 
high pretilt angle regions for orienting liquid crystal molecules at a high pretilt angle in the regions corresponding 
to the perimeter portions and low pretilt angle regions for orienting liquid crystal molecules at a low pretilt angle 
in the regions corresponding to the inner regions; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby transverse electric field suppressing regions are formed in the perimeter portions of the pixel regions 
in the liquid crystal layer, the transverse electric field suppressing regions orienting liquid crystal molecules to a 
higher pretilt angle than do the inner regions of the pixel regions. 



20. (Amended) The method of producing a liquid crystal display element according to claims 1 8 or 1 9, wherein the 
step of forming orientation films is such that a silane based compound having photosensitive groups is contacted 
to the substrate surfaces under a dry atmosphere, whereby the silane-based compound is chemisorbed to the 
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substrate surfaces. 

21 . (Amended) The method of producing a liquid crystal display element according to claim 20, further comprising 
the steps of: 

removing unadsorbed silane-based compound by washing the substrate surfaces having the orientation films 
formed thereon using a washing solution immediately after the step of forming orientation films; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 
washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

22. (Amended) The liquid crystal display element according to any of claims 7 to 9, wherein: 



the liquid crystal display element is an in-plane switching-type liquid crystal display element comprising a liquid 
crystal layer provided between a pair of substrates and pairs of electrodes provided on one of the substrates; 
and 

the liquid crystal layer comprises, 
20 first regions provided above the electrodes, wherein liquid crystal alignment is controlled by electric field com- 

ponents above the electrodes; and 

a second region corresponding to an area between the pairs of electrodes, wherein liquid crystal alignment is 
controlled by transverse electric field components; 

25 wherein a pretilt angle of liquid crystal molecules in the first regions is larger than a pretilt angle of liquid 

crystal molecules in the second region. 

23. (Amended) The liquid crystal display element according to claim 22, wherein an orientation film for orienting 
liquid crystal molecules in a substantially same direction is provided on an inner side of one of the substrates, the 

30 orientation film having high pretilt angle regions for initially orienting liquid crystal molecules above the pairs of 

electrodes at a high pretilt angle and a low pretilt angle region for initially orienting liquid crystal molecules between 
the pairs of electrodes at a low pretilt angle. 

24. (Amended) The liquid crystal display element according to claim 23, the orientation film controls the orientation 
35 of liquid crystal molecules such that pretilt angle increases continuously or in a step-wise manner toward the 

electrodes. 

25. (Amended) The liquid crystal display element according to any of claims 22 to 24, wherein each of the pairs 
of electrodes is a transparent electrode. 

40 

26. (Amended) The liquid crystal display element according to any of claims 22 to 25, wherein the orientation film 
at least contains thin film component molecules each having a photosensitive group, the photosensitive groups 
being polymerized and fixed in a desired direction. 

45 27. (Amended) The liquid crystal display element according to any of claims 22 to 25, wherein the orientation film 

is a thin film formed of a group of molecules including at least molecules of a silane-based compound each having 
a photosensitive group, the group of molecules being bonded and fixed on each of the substrates. 

28. (Amended) The liquid crystal display element according to claim 27, 

so wherein the group of molecules is inclined in a specified direction and the photosensitive groups are polymerized 

and fixed in the specified direction. 

29. (Amended) The liquid crystal display element according to claims 27 or 28, wherein the orientation film is a 
monomolecular film. 



30. (Amended) The method of producing a liquid crystal display element according to claim 10, wherein the liquid 
crystal display element is an in-plane switching-type liquid crystal display element provided with a liquid crystal 
layer between a pair of substrates and pairs of electrodes on one of the substrates, the method comprising the 
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steps of: 

forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films by applying polarized light to surfaces of the 
5 substrates having the orientation films formed thereon such that the irradiation intensity of a first polarized 

light applied to regions above the electrodes is made greaterthan the irradiation intensity of a second polarized 
light applied to a region corresponding to an area between the pairs of the electrodes to form high pretilt angle 
regions for orienting liquid crystal molecules at a high pretilt angle in the regions above the electrodes and a 
low pretilt angle region for orienting liquid crystal molecules at a low pretilt angle in the region corresponding 
to to the area between the pairs of electrodes; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby in the liquid crystal layer, first regions and a second region are formed, the first regions provided 
15 above the electrodes, wherein liquid crystal alignment is controlled by electric field components above the elec- 

trodes, and the second region corresponding to the area between the pairs of electrodes, wherein liquid crystal 
alignment is controlled by transverse electric field components. 
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31. (Amended) The method of producing a liquid crystal display element according to claim 11 , wherein the liquid 
crystal display device is an in-plane switching- type liquid crystal display element provided with a liquid crystal layer 
between a pair of substrates and pairs of electrodes on one of the substrates, the method comprising the steps of: 

forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films by applying polarized light to surfaces of the 
substrates having the orientation films formed thereon such that the plane of polarization of a first polarized 
light applied to regions above the pairs of electrodes and a second plane of polarization applied to a region 
corresponding to an area between the pairs of electrodes are made parallel, and the angle of incidence with 
respect to the substrate surfaces of the first polarized light is made smaller than the angle of incidence with 
respect to the substrate surfaces of the second polarized light to form high pretilt angle regions for orienting 
liquid crystal molecules at a high pretilt angle in the regions above the pairs of electrodes and a low pretilt 
angle region for orienting liquid crystal molecules at a low pretilt angle in the region corresponding to the area 
between the pairs of electrodes; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby in the liquid crystal layer, first regions and a second region are formed, the first regions provided 
above the electrodes, wherein liquid crystal alignment is controlled by electric field components above the elec- 
trodes; and the second region corresponding to the area between the pairs of electrodes, wherein liquid crystal 
alignment is controlled by transverse electric field components. 

32. (Amended) The method of producing a liquid crystal display element according to claims 30 or 32, wherein the 
step of forming orientation films is such that a silane-based compound having photosensitive groups is contacted 
to the substrate surfaces under a dry atmosphere, whereby the silane-based compound is chemisorbed to the 
substrate surfaces. 

33. (Amended) The method of producing a liquid crystal display element according to claim 32, further comprising 
the steps of: 

removing unadsorbed silane-based compound by washing the substrate surfaces having the orientation films 
formed thereon using a washing solution immediately after the step of forming orientation films; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 
washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

34. (Amended) The liquid crystal display element according to any of claims 7 to 9, wherein: 
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the liquid crystal element comprises a liquid crystal layer oriented in splay alignment provided between a pair 
of substrates with electrodes, each substrate having an orientation film; 

at least one of the orientation films comprises thin film component molecules each having a photosensitive 
group and high pretilt regions for orienting liquid crystal molecules to a higher pretilt angle than do other regions; 
and 

the liquid crystal layer has transition seed generation regions wherein a transition from splay alignment to 
bend alignment is accelerated by application of a voltage to the electrodes, the transition seed generation 
regions being formed by the high pretilt angle regions. 

35. (Amended) The liquid crystal display element according to claim 34, wherein the transition seed generation 
regions are provided such that each pixel region in the liquid crystal layer has at least one of the transition seed 
generation regions. 

36. (Amended) The liquid crystal display element according to claim 34 or 35, wherein the one orientation film is 
a thin film formed of a group of silane-based compound each having a photosensitive group, the group being 
bonded and fixed on one of the substrates. 

37. (Amended) The liquid crystal display element according to claim 36, wherein the silane-based compound 
molecules comprise a linear hydrocarbon chain. 

38. (Amended) The liquid crystal display element according to claims 36 or 37, wherein a photosensitive group 
portion in the thin film component molecules is polymerized and fixed in a desired direction. 

39. (Amended) The liquid crystal display element according to any of claims 34 to 38, wherein the orientation film 
is a monomolecular film. 

40. (Amended) The liquid crystal display element according to any of claims 34 to 39, wherein the photosensitive 
group portion is cinnamoyl groups or chalconyl groups. 

41 . (Amended) The method of producing a liquid crystal display element according to claim 1 0, wherein the liquid 
crystal display element has a liquid crystal layer oriented in splay alignment provided between a pair of substrates 
with electrodes, each substrate having an orientation film, the method comprising the steps of: 

forming an orientation film comprising thin film components each having a photosensitive group on at least 
one of the substrates; 

carrying out an orientation treatment that utilizes a photoalignment method on the orientation film wherein 
polarized light having a greater irradiation intensity than polarized light applied to other regions is applied to 
specified regions to form high pretilt angle regions in the specified regions; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby transition seed generation regions for accelerating a transition from splay alignment to bend align- 
ment with application of a voltage to the electrodes are provided in the liquid crystal layer, the transition seed 
generation regions being formed over the high pretilt angle regions. 

42. (Amended) The method of producing a liquid crystal display element according to claim 11 , wherein the liquid 
crystal display element has a liquid crystal layer oriented in splay alignment provided between a pair of substrates 
with electrodes, each substrate having an orientation film, the method comprising the steps of: 

forming an orientation film comprising thin film components each having a photosensitive group on at least 
one of the substrates; 

carrying out an orientation treatment that utilizes a photoalignment method on the orientation film wherein 
polarized light having a smaller angle of incidence than polarized light applied to other regions is applied to 
specified regions to form high pretilt angle regions in the specified regions; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 
whereby transition seed generation regions for accelerating a transition from splay alignment to bend align- 
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ment with application of a voltage to the electrodes are provided in the liquid crystal layer, the transition seed 
generation regions being formed over the high pretilt angle regions. 

43. (Amended) The method of producing a liquid crystal display element according to claims 41 or 42, wherein the 
step of carrying out an orientation treatment is such that a silane-based compound having photosensitive groups 
is contacted to the substrate surface under a dry atmosphere, whereby the silane-based compound is chemisorbed 
to the substrate surface. 

44. (Amended) The method of producing a liquid crystal display element according to claim 43, further comprising 
the steps of: 

removing unadsorbed silane-based compound by washing the substrate surface having the orientation film 
formed thereon using a washing solution immediately after the step of forming an orientation film; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surface by standing the 
washed substrate in a fixed direction to drain and dry washing solution remaining on the substrate surface; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

45. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates 
each having an orientation film, wherein the two orientation films comprise molecules having a photosensitive 
group and have different orientation anisotropies from one another, the molecules having been irradiated with 
polarized light of different irradiation intensity, and wherein an anchoring energy, with respect to liquid crystal mol- 
ecules, of the orientation film provided on an inner side of one of the substrates differs from an anchoring energy, 
with respect to liquid crystal molecules, of the orientation film provided on an inner side of the other substrate. 

46. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates 
each having an orientation film, wherein the two orientation films comprise molecules having a photosensitive 
group and have different orientation anisotropies from one another, the molecules having been irradiated with 
polarized light applied at different angles to the substrates, and wherein an anchoring energy, with respect to liquid 
crystal molecules, of the orientation film provided on an inner side of one of the substrates differs from an anchoring 
energy, with respect to liquid crystal molecules, of the orientation film provided on an inner side of the other sub- 
strate. 

47. (Amended) The liquid crystal display element according to claims 45 or 46, wherein the molecules having a 
photosensitive group are molecules of a silane-based compound, a group of the molecules forming a thin film 
bonded and fixed to each of the substrates. 

48. (Amended) The liquid crystal display element according to claim 47, wherein opposed electrodes are provided 
on one of the substrates. 

49. (Amended) The liquid crystal display element according to claim 48, wherein the anchoring energy, with respect 
to liquid crystal molecules, of the orientation film provided on an inner side of one of the substrates is greater than 
the anchoring energy, with respect to liquid crystal molecules, of the orientation film provided on an inner side of 
the other substrate. 

50. (Amended) The liqu id crystal display element according to claim 49, wherein the anchoring energies are defined 
by azimuthal anchoring energy. 

51. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light of different irradiation intensity so that an anchoring energy, with respect to liquid crystal mol- 
ecules, of the one orientation film and an anchoring energy, with respect to liquid crystal molecules, of the 
other orientation film are different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 
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adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

52. (Amended) The method of producing a liquid crystal display element, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light having parallel planes of polarization and different angles of incidence with respect to surfaces 
of the substrates so that an anchoring energy, with respect to liquid crystal molecules, of the one orientation 
film and an anchoring energy, with respect to liquid crystal molecules, of the other orientation film are different; 
forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

53. (Amended) The method of producing a liquid crystal display element according to claims 51 or 52, wherein 
one of the substrates has opposed electrodes on a surface thereof, and the orientation treatment is carried out 
under orientation conditions such that the anchoring energy, with respect to liquid crystal molecules, of an orien- 
tation film provided on an inner side of the one substrate is made greater than the anchoring energy, with respect 
to liquid crystal molecules, of an orientation film provided on an inner side of the other substrate. 

54. (Amended) The method of producing a liquid crystal display element according to any of claims 51 to 53, 
wherein the step of forming thin films is such that a silane-based compound having photosensitive groups is con- 
tacted to surfaces of the substrate under a dry atmosphere, whereby the silane-based compound is chemisorbed 
to the substrate surfaces. 

55. (Amended) The method of producing a liquid crystal display element according to claim 54, further comprising 
the steps of: 

removing unadsorbed silane-based compound by washing the substrate surfaces having the orientation films 
formed thereon using a washing solution immediately after the step of forming orientation films; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 
washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

56. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates 
each having an orientation film, wherein at least one of the orientation films comprises molecules having a photo- 
sensitive group and has at least two regions with different orientation anisotropies having been irradiated with 
polarized light of differing irradiation intensities, and wherein anchoring energies with respect to liquid crystal mol- 
ecules are different such as to correspond to the orientation anisotropies of the regions of the at least one of the 
orientation films. 

57. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates 
each having an orientation film, wherein at least one of the orientation films comprises molecules having a photo- 
sensitive group and has at least two regions with different orientation anisotropies having been irradiated with 
polarized light applied at different angles to the substrates, and wherein anchoring energies with respect to liquid 
crystal molecules are different such as to correspond to the orientation anisotropies of the regions of the at least 
one of the orientation films. 

58. (Amended) The liquid crystal display element according to claims 56 or 57, wherein the orientation film having 
the at least two regions with different orientation anisotropies is provided on an inner side of each of the opposed 
substrates such that regions of the orientation films having a same orientation anisotropy are opposed to one 
another. 
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59. (Amended) A method of producing a liquid crystal display element, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light of differing irradiation intensity to form at least two regions having different orientation anisotropies on the 
at least one of the thin films, whereby regions having different anchoring energies, with respect to liquid crystal 
molecules, are formed in the film; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

60. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light having parallel planes of polarization and at leasttwo different angles of incidence with respectto surfaces 
of the substrates to form at least two regions having different orientation anisotropies on the at least one of 
the thin films, whereby regions having different anchoring energies, with respect to liquid crystal molecules, 
are formed in the film; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer. 

61. (Amended) The liquid crystal display device according to any of claims 56 to 58, wherein: 

the liquid crystal display element is a twisted nematic orientation mode liquid crystal display element comprising 
a liquid crystal layer with an initial orientation state in twisted orientation mode provided between the substrates; 
an orientation film for orienting liquid crystal molecules in a specified direction is provided on an inner side of 
each of the substrates; and 

a transverse electric field suppressing region is provided in a perimeter portion of each pixel region in the 
orientation films, the transverse electric field suppressing region having a greater anchoring energy with re- 
spect to liquid crystal molecules than does an inner region of each pixel region. 

62. (Amended) The liquid crystal display element according to claim 61 , wherein the orientation film at least contains 
thin film components each having a photosensitive group, the photosensitive groups being polymerized and fixed 
in a desired direction. 

63. (Amended) The liquid crystal display element according to claim 62, wherein the orientation film is a thin film 
formed of a group of molecules including at least molecules of a silane-based compound each having a photo- 
sensitive group, the group of molecules being bonded and fixed to each of the substrates. 

64. (Amended) The liquid crystal display element according to claim 63, wherein the group of molecules is inclined 
in a specified direction and the photosensitive groups are polymerized and fixed in the specified direction. 

65. (Amended) The liquid crystal display element according to claims 63 or 64, the orientation film is a monomo- 
lecular film. 



66. (Amended) The method of producing a liquid crystal display element according to claim 59, comprising the 
steps of: 

forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films by applying polarized light to surfaces of the 
substrates having the orientation films formed thereon such that the irradiation intensity of a first polarized 
light applied to the perimeter portions of the pixel regions in the liquid crystal layer is made greater than the 
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irradiation intensity of a second polarized light applied to regions of the pixel regions other than the perimeter 
portions to form regions of the orientation films having a large anchoring energy with respect to liquid crystal 
molecules in regions corresponding to the perimeter portions and regions of the orientation films having a 
small anchoring energy with respect to liquid crystal molecules in regions corresponding to the inner regions; 
5 adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby transverse electric field suppressing regions are formed in the perimeter portions of the pixel regions 
of the orientation films, the transverse electric field suppressing regions having a greater anchoring energy with 
10 respect to liquid crystal molecules than do the inner regions. 

67. (Amended) The method of producing a liquid crystal display element according to claim 60, comprising the 
steps of: 

'5 forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films by applying polarized light to surfaces of the 
substrates having the orientation films formed thereon such that the irradiation intensity of a first polarized 
light applied to the perimeter portions of the pixel regions in the liquid crystal layer is made greater than the 
irradiation intensity of a second polarized light applied to regions of the pixel regions other than the perimeter 

20 portions to form regions of the orientation films having a large anchoring energy with respect to liquid crystal 

molecules in regions corresponding to the perimeter portions and regions of the orientation films having a 
small anchoring energy with respect to liquid crystal molecules in regions corresponding to the inner regions, 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

25 

whereby transverse electric field suppressing regions are formed in the perimeter portions of the pixel regions 
of the orientation films, the transverse electric field suppressing regions having a greater anchoring energy with 
respect to liquid crystal molecules than do the inner regions. 

30 68. (Amended) The method of producing a liquid crystal display element according to claims 66 or 67, wherein the 

step of forming orientation films is such that a silane-based compound having photosensitive groups is contacted 
to the substrate surfaces under a dry atmosphere, whereby the silane-based compound is chemisorbed to the 
substrate surfaces. 
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69. (Amended) The method of producing a liquid crystal display element according to claim 68, further comprising 
the steps of: 



removing unadsorbed silane-based compound by washing surfaces of the substrates having the orientation 
films formed thereon using a washing solution immediately after the step of forming orientation films; and 
40 temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 

washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 



70. (Amended) The liquid crystal display element according to any of claims 56 to 58, wherein: 



the liquid crystal display element is an in-plane switching-type liquid crystal display element having a liquid 
crystal layer provided between a pair of substrates and pairs of electrodes provided on one of the substrates; 
50 an orientation film for orienting liquid crystal molecules in a specified direction is provided on an inner side of 

one of the substrates; and 
the liquid crystal layer comprises, 

first regions provided above the electrodes, wherein liquid- crystal alignment is controlled by electric field 
components above the electrodes; and 

a second region corresponding to an area between the pairs of electrodes, wherein liquid crystal alignment is 
controlled by transverse electric field components; 

wherein an anchoring energy, with respect to liquid crystal molecules, of the orientation film in the first regions 



81 



EP 1 223 604 A1 

is larger than the anchoring energy, with respect to liquid crystal molecules, of the orientation film in the second 
region. 

71. (Amended) The liquid crystal display element according to claim 70, wherein the orientation film comprises 
5 regions having a large anchoring energy with respect to liquid crystal molecules above the pairs of electrodes and 

a region having a small anchoring energy with respect to liquid crystal molecules between the pairs of electrodes. 

72. (Amended) The liquid crystal display element according to claim 70, wherein the orientation film controls the 
orientation of liquid crystal molecules such that anchoring energy increases continuously or in a step wise manner 

10 toward the electrodes. 

73. (Amended) The liquid crystal display element according to any of claims 70 to 72, wherein each of the pairs 
of electrodes is a transparent electrode. 

15 74. (Amended) The liquid crystal display element according to any of claims 70 to 73, wherein the orientation film 

at least contains thin film component molecules each having a photosensitive group, the photosensitive groups 
being polymerized and fixed in a desired direction. 

75. (Amended) The liquid crystal display element according to any of claims 70 to 74, wherein the orientation film 
20 is a thin film formed of a group of molecules including at least molecules of a silane-based compound each having 

a photosensitive group, the group of molecules being bonded and fixed to each of the substrates. 

76. (Amended) The liquid crystal display element according to claim 75, wherein the group of molecules is inclined 
in a specified direction and the photosensitive groups are polymerized and fixed in the specified direction. 

25 

77. (Amended) The liquid crystal display element according to claims 75 or 76, wherein the orientation film is a 
monomolecular film. 

78. (Amended) The method of producing a liquid crystal display element according to claim 59, wherein the liquid 
30 crystal display element is an in-plane switching-type liquid crystal display element provided with a liquid crystal 

layer between a pair of substrates and pairs of electrodes on one of the substrates, the method comprising the 
steps of: 

forming orientation films on the pair of substrates; 

35 carrying out an orientation treatment on the orientation films by applying polarized light to surfaces of the 

substrates having the orientation films formed thereon such that the irradiation intensity of a first polarized 
light applied to regions above the electrodes is made greater than the irradiation intensity of a second polarized 
light, applied to a region corresponding to an area between the pairs of the electrodes to form regions having 
a large anchoring energy with respect to liquid crystal molecules in the regions above the electrodes and a 

40 region having a small anchoring energy with respect to liquid crystal molecules in the region corresponding 

to the area between the pairs of electrodes; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

45 whereby in the liquid crystal layer, first regions and a second region are formed, the first regions provided 

above the electrodes, wherein liquid crystal alignment is controlled by electric field components above the elec- 
trodes, and the second region corresponding to the area between the pairs of electrodes, wherein liquid crystal 
alignment is controlled by transverse electric field components. 

so 79. (Amended) The method of producing a liquid crystal display element according to claim 60, wherein the liquid 

crystal display element is an in-plane switching-type liquid crystal display element provided with a liquid crystal 
layer between a pair of substrates and pairs of electrodes on one of the substrates, the method comprising the 
steps of: 

55 forming orientation films on the pair of substrates; 

carrying out an orientation treatment on the orientation films by applying polarized light to surfaces of the 
substrates having the orientation films formed thereon such that the plane of polarization of a first polarized 
light applied to regions above the pairs of electrodes and a second plane of polarization applied to a region 
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corresponding to an area between the pairs of electrodes are made parallel, and the angle of incidence with 
respect to the substrate surfaces of the first polarized light is made smaller than the angle of incidence with 
respect to the substrate surfaces of the second polarized light to form regions having a large anchoring energy 
with respect to liquid crystal molecules in the regions above the electrodes and a region having a small an- 
5 choring energy with respect to liquid crystal molecules in the region corresponding to the area between the 

pairs of electrodes; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

10 whereby in the liquid crystal layer, first regions and a second region are formed, the first regions provided 

above the electrodes, wherein liquid crystal alignment is controlled by electric field components above the elec- 
trodes, and the second region corresponding to the area between the pairs of electrodes, wherein liquid crystal 
alignment is controlled by transverse electric field components. 

15 80. (Amended) The method of producing a liquid crystal display element according to claims 78 or 79, wherein the 

step of forming orientation films is such that a silane-based compound having photosensitive groups is contacted 
to the substrate surfaces under a dry atmosphere, whereby the silane-based compound is chemisorbed to the 
substrate surfaces. 

20 81 . (Amended) The method of producing a liquid crystal display element according to claim 80, further comprising 

the steps of: 

removing unadsorbed silane-based compound by washing the substrate surfaces having the orientation films 
formed thereon using a washing solution immediately after the step of forming orientation films; and 
25 temporarily aligning molecules of silane-based compound adsorbed to the substrate surfaces by standing the 

washed substrates in a fixed direction to drain and dry washing solution remaining on the substrate surfaces; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 
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82. (Amended) The liquid crystal display element according to any of claims 56 to 58, wherein: 



the liquid crystal element comprises a liquid crystal layer oriented in splay alignment provided between a pair 
of substrates with electrodes, each substrate having an orientation film; 
35 at least one of the orientation films comprises thin film component molecules each having a photosensitive 

group and regions of the orientation film having a larger anchoring energy with respect to liquid crystal mole- 
cules than do other regions; and 

the liquid crystal layer has transition seed generation regions wherein a transition from splay alignment to 
bend alignment is accelerated by application of a voltage to the electrodes, the transition seed generation 
40 regions being formed above the regions of the orientation film having a large anchoring energy with respect 

to liquid crystal molecules. 

83. (Amended) The liquid crystal display element according to claim 82, wherein the transition seed generation 
regions are provided such that each pixel region in the liquid crystal layer has at least one of the transition seed 

45 generation regions. 

84. (Amended) The liquid crystal display element according to claims 82 or 83, wherein the one orientation film is 
a thin film formed of a group of silane-based compound each having a photosensitive group, the group being 
bonded and fixed on one of the substrates. 

50 

85. (Amended) The liquid crystal display element according to claim 84, wherein the silane-based compound 
molecules comprise a linear hydrocarbon chain. 

86. (Amended) The liquid crystal display element according to claims 84 or 85, wherein a photosensitive group 
55 portion in the thin film component molecules is polymerized and fixed in a desired direction. 

87. (Amended) The liquid crystal display element according to any of claims 84 to 86, wherein the orientation film 
is a monomolecular film. 
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88. (Amended) The liquid crystal display element according to any of claims 84 to 87, wherein the photosensitive 
group portion is cinnamoyl groups orchalconyl groups. 

89. (Amended) The method of producing a liquid crystal display element according to claim 59, wherein the liquid 
5 crystal display element has a liquid crystal layer oriented in splay alignment provided between a pair of substrates 

with electrodes, each substrate having an orientation film, the method comprising the steps of: 

forming an orientation film comprising thin film components each having a photosensitive group on at least 
one of the substrates; 

10 carrying out an orientation treatment that utilizes a photoalignment method on the orientation film wherein 

polarized light having a greater irradiation intensity than polarized light applied to other regions is applied to 
specified regions to form regions of the orientation film having a larger anchoring energy with respect to liquid 
crystal molecules than do the other regions; 
adhering the substrates together; and 

15 injecting a liquid crystal between the substrates to form a liquid crystal layer; 

whereby transition seed generation regions for accelerating a transition from splay alignment to bend align- 
ment with application of a voltage to the electrodes are provided in the liquid crystal layer, the transition seed 
generation regions being formed above regions of the orientation film having a large anchoring energy with respect 
20 to liquid crystal molecules. 

90. (Amended) The method of producing a liquid crystal display element according to claim 60, wherein the liquid 
crystal display element has a liquid crystal layer oriented in splay alignment provided between a pair of substrates 
with electrodes, each substrate having an orientation film, the method comprising the steps of: 

25 

forming an orientation film comprising thin film components each having a photosensitive group on at least 
one of the substrates; 

carrying out an orientation treatment that utilizes a photoalignment method on the orientation film wherein 
polarized light having a smaller angle of incidence than polarized light applied to other regions is applied to 
30 specified regions to form regions of the orientation film having a larger anchoring energy with respect to liquid 

crystal molecules than do the other regions; 
adhering the substrates together; and 

injecting a liquid crystal between the substrates to form a liquid crystal layer; 

35 whereby transition seed generation regions for accelerating a transition from splay alignment to bend align- 

ment with application of a voltage to the electrodes are provided in the liquid crystal layer, the transition seed 
generation regions being formed above regions of the orientation film having a large anchoring energy with respect 
to liquid crystal molecules. 

40 91 . (Amended) The method of producing a liquid crystal display element according to claims 89 or 90, wherein the 

step of carrying out and orientation treatment is such that a silane-based compound having photosensitive groups 
is contacted to the substrate surface under a dry atmosphere, whereby the siiane-based compound is chemisorbed 
to the substrate surface. 

45 92. The method of producing a liquid crystal display element according to claim 91 , further comprising the steps of: 

removing unadsorbed silane-based compound by washing a surface of the substrate having the orientation 
film formed thereon using a washing solution immediately after the step of forming an orientation film; and 
temporarily aligning molecules of silane-based compound adsorbed to the substrate surface by standing the 
50 washed substrate in a fixed direction to drain and dry washing solution remaining on the substrate surface; 

wherein the draining direction is parallel to the planes of polarization of the step of carrying out an orientation 
treatment by photoalignment with polarized light. 

55 93. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates 

each having an orientation film, wherein the two orientation films comprise molecules having a photosensitive 
group and have different orientation anisotropies from one another, the molecules having been irradiated with 
polarized light of different irradiation intensity, and wherein a pretilt angle of liquid crystal molecules corresponding 
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to the orientation anisotropy of the orientation film provided on an inner side of one of the substrates differs from 
a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation film provided 
on an inner side of the other substrate and an anchoring energy, with respect to liquid crystal molecules, of the 
orientation film on the inner side of the one substrate differs from an anchoring energy, with respect to liquid crystal 
molecules, of the orientation film provided on the inner side of the other substrate. 

94. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates 
each having an orientation film, wherein the two orientation films comprise molecules having a photosensitive 
group and have different orientation anisotropies from one another, the molecules having been irradiated with 
polarized light applied at different angles to the substrates, and wherein a pretilt angle of liquid crystal molecules 
corresponding to the orientation anisotropy of the orientation film provided on an inner side of one of the substrates 
differs from a pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation 
film provided on an inner side of the other substrate and an anchoring energy, with respect to liquid crystal mole- 
cules, of the orientation film on the inner side of the one substrate differs from an anchoring energy, with respect 
to liquid crystal molecules, of the orientation film provided on the inner side of the other substrate. 

95. Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light of different irradiation intensity so that the orientation anisotropy of the one thin film and that of 
the other thin film are made different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of one of the opposed substrates differs from a pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided on an 
inner side of the other opposed substrate and an anchoring energy region, with respect to liquid crystal molecules, 
of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring energy 
region, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other of the 
opposed substrates. 

96. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating one of the thin films and the other of the thin films with 
polarized light having parallel planes of polarization and different angles of incidence with respect to surfaces 
of the substrates so that the orientation anisotropy of the one thin film and that of the other thin film are made 
different; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of one of the opposed substrates differs from a pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided on an 
inner side of the other opposed substrate and an anchoring energy region, with respect to liquid crystal molecules, 
of the orientation film on the inner side of the one of the opposed substrates differs from an anchoring energy 
region, with respect to liquid crystal molecules, of the orientation film provided on the inner side of the other of the 
opposed substrates. 

97. (Amended) The method of producing a liquid crystal display element according to claims 95 or 96, wherein 
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one of the opposed substrates has opposed electrodes on a surface thereof, and the orientation treatment is 
carried out under orientation conditions such that the pretilt angle of liquid crystal molecules corresponding to the 
orientation anisotropy of the orientation film provided on the inner side of the one opposed substrate is made 
greater than the pretilt angle of liquid crystal molecules corresponding to the orientation anisotropy of the orientation 
film provided on the inner side of the other opposed substrate and such that the anchoring energy, with respect to 
liquid crystal molecules, of the orientation film provided on the inner side of the one opposed substrate is made 
greater than the anchoring energy, with respect to liquid crystal molecules, of the orientation film provided on the 
inner side of the other opposed substrate. 

98. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates 
each having an orientation film, wherein at least one of the orientation films comprises molecules having a photo- 
sensitive group and has at least two regions with different orientation anisotropies having been irradiated with 
polarized light of differing irradiation intensities, and wherein pretilt angles of liquid crystal molecules and anchoring 
energies, with respect to liquid crystal molecules, of the orientation film are different such as to correspond to the 
orientation anisotropies of the regions of the orientation film. 

99. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two substrates 
each having an orientation film, wherein at least one of the orientation films comprises molecules having a photo- 
sensitive group and has at least two regions with different orientation anisotropies having been irradiated with 
polarized light applied at differing angles to the substrates, and wherein pretilt angles of liquid crystal molecules 
and anchoring energies, with respect to liquid crystal molecules, of the orientation film are different such as to 
correspond to the orientation anisotropies of the regions of the orientation film. 

100. (Amended) The liquid crystal display element according claims 98 or 99, wherein the orientation film having 
the at least two regions with different orientation anisotropies is provided on an inner side of each of the substrates 
such that regions of the orientation films having a same orientation anisotropy are opposed to one another. 

101. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light of different irradiation intensity to form at least two regions having different orientation anisotropies on 
the at least one of the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 

whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of at least one of the substrates differs from a pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided on an 
inner side of the other substrate and an anchoring energy region, with respect to liquid crystal molecules, of the 
orientation film on the inner side of the one substrate differs from an anchoring energy region, with respect to liquid 
crystal molecules, of the orientation film provided on the inner side of the other substrate. 

102. (Amended) A method of producing a liquid crystal display element comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light having parallel planes of polarization and at least two different angles of incidence with respect to surfaces 
of the substrates to form at least two regions having different orientation anisotropies on the at least one of 
the thin films; 

forming a sealing material on either of the substrates in a frame shape excluding a portion for a liquid crystal 
injection port; 

adhering the substrates together; and 

injecting a liquid crystal between the substrates through the liquid crystal injection port to form a liquid crystal 
layer; 
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whereby regions are formed in which a pretilt angle of liquid crystal molecules corresponding to the orientation 
anisotropy of an orientation film provided on an inner side of at least one of the substrates differs from a pretilt 
angle of liquid crystal molecules corresponding to the orientation anisotropy of an orientation film provided on an 
inner side of the other substrate and an anchoring energy region, with respect to liquid crystal molecules, of the 
orientation film on the inner side of the one substrate differs from an anchoring energy region, with respect to liquid 
crystal molecules, of the orientation film provided on the inner side of the other substrate. 

103. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two opposed 
substrates each having an orientation film, wherein at least one of the orientation films comprises molecules having 
a photosensitive group and has at least two regions with different orientation anisotropies, the molecules having 
been irradiated with polarized light, and wherein contact angles between the liquid crystal and the orientation film 
are different such as to correspond to the orientation anisotropies of the regions of the orientation film. 

104. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two opposed 
substrates each having an orientation film, wherein at least one of the orientation films comprises molecules having 
a photosensitive group and has at least two regions with different orientation anisotropies having been irradiated 
with polarized light of differing irradiation intensities, and wherein contact angles between the liquid crystal and 
the orientation film are different such as to correspond to the orientation anisotropies of the regions of the orientation 
film. 

105. (Amended) A liquid crystal display element comprising a liquid crystal sandwiched between two opposed 
substrates each having an orientation film, wherein at least one of the orientation films comprises molecules having 
a photosensitive group and has at least two regions with different orientation anisotropies having been irradiated 
with polarized light applied at differing angles to the substrates, and wherein contact angles between the liquid 
crystal and the orientation film are different such as to correspond to the orientation anisotropies of the regions of 
the orientation film. 

106. (Amended) The liquid crystal display element according to any of claims 103 to 105, wherein the contact 
angle in a display region is larger than the contact angle in a portion other than the display region. 

1 07. (Amended) The liquid crystal display element according to claim 1 06, wherein the contact angle in the portion 
other than the display region is 40° or larger from a surface of the orientation film. 

108. (Amended) The liquid crystal display element according to claim 107, wherein liquid crystal is not filled into 
the portion other than the display region. 

1 09. (Amended) An optically anisotropic film formed of a liquid crystal polymer that is optically positive and uniaxial 
and of a polymerizable polymer, the film comprising at least two regions in which different orientation structures 
are fixed, the orientation structures having been formed when the liquid crystal polymer was in a liquid crystal state. 

1 10. (Amended) The optically anisotropic film according to claim 1 08, wherein the liquid crystal polymer has a twist 
angle. 

111. (Amended) The optically anisotropic film according to claims 109 or 110, wherein the liquid crystal polymer 
is a cholesteric liquid crystal polymer or a discotic liquid crystal polymer. 

112. (Amended) A method of producing an optically anisotropic film, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light under different irradiation conditions to form at least two regions having different orientation anisotropies 
in the at least one of the thin films; 
adhering the substrates together; 

injecting a polymerizable polymer and a liquid crystal polymer between the substrates through the injection 
port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
polymerizing the polymerizable polymer and the liquid crystal polymer. 

113. (Amended) A method of producing an optically anisotropic film, comprising the steps of: 
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forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light of different irradiation intensity to form at least two regions having different orientation anisotropies in the 
at least one of the thin films; 

s forming a sealing material on either of the substrates in a frame shape excluding a portion for a polymerizable 

polymer and liquid crystal polymer injection port; 
adhering the substrates together; 

injecting a polymerizable polymer and a liquid crystal polymer between the substrates through the injection 
port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
10 polymerizing the polymerizable polymer and the liquid crystal polymer 

114. (Amended) A method of producing an optically anisotropic film, comprising the steps of: 

forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
15 carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 

light having parallel planes of polarization and at least two different angles of incidence with respect to surfaces 
of the substrates to form at least two regions having different orientation anisotropies in the at least one of the 
thin films;; 

adhering the substrates together; 
20 injecting a polymerizable polymer and a liquid crystal polymer between the substrates through the injection 

port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
polymerizing the polymerizable polymer and the liquid crystal polymer. 
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115. (Amended) A method of producing an optically anisotropic film, comprising the steps of: 



forming thin films on a pair of substrates using molecules having at least a photosensitive group; 
carrying out an orientation treatment by irradiating different areas of at least one of the thin films with polarized 
light having parallel planes of polarization and at (east two different incidence directions with respect to surfaces 
of the substrates to form at least two regions having different orientation anisotropies in the at least one of the 
30 thin films; 

adhering the substrates together; 

injecting a polymerizable polymer and a liquid crystal polymer between the substrates through the injection 
port to form a layer of the polymerizable polymer and the liquid crystal polymer; and 
polymerizing the polymerizable polymer and the liquid crystal polymer. 

35 

116. (Amended) The method of producing an optically anisotropic film according to any of claims 112 to 115, 
wherein, in opposing regions of opposed orientation films, groups of molecules making up the thin films are oriented 
in different directions such that a twist angle is formed. 

40 117. (Amended) A liquid crystal display element comprising a liquid crystal layer sandwiched between two sub- 

strates each having an orientation film, wherein the display element comprises an optically anisotropic film formed 
of a liquid crystal polymer that is optically positive and uniaxial and of a polymerizable polymer, the optically ani- 
sotropic film having at least two regions in which different orientation structures are fixed, the orientation structures 
having been formed when the liquid crystal polymer was in a liquid crystal state. 

45 

118. (Amended) The liquid crystal display element according to claim 117, wherein each pixel of the liquid crystal 
display element has a plurality of regions in which liquid crystal molecules are oriented in different orientation states. 

119. (Amended) The liquid crystal display element according to claim 118, wherein the orientation state of the 
50 liquid crystal molecules is divided into a plurality of regions by use of orientation films having more than one liquid 

crystal orientation. 

120. (Amended) The liquid crystal display element according to any of claims 117 to 119, wherein the orientation 
structure of the optically anisotropic film varies in correspondence with regions in which the liquid crystal molecules 

55 are oriented in different orientation states. 

121. (Amended) The liquid crystal display element according to claim 120, wherein the pretilt direction of liquid 
crystal molecules in each of the regions and the direction of the director of molecules of the liquid crystal polymer 
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formed with the film plane differ by 180°. 

122. (Amended) The liquid crystal display element according to any of claims 117 to 121, wherein a plurality of 
regions, in each of the regions, in which liquid crystal molecules have a different twist, and a plurality of regions, 

5 in the optically anisotropic film, in which the liquid crystal polymer has a different twist are matched. 

123. (Amended) The liquid crystal display element according to claim 122, wherein the twist of liquid crystal mol- 
ecules in each of the regions and the twist of the liquid crystal polymer in the optically anisotropic film are the 
reverse of one another. 

10 

124. (Amended) The liquid crystal display element according to any of claims 117 to 123, wherein the optically 
anisotropic film is provided in a liquid crystal cell. 
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FIG. 1(a) 
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Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 



I. Q Claims Nos.: 

because they relate to subject matter not required lo be searched by this Authority, namely: 



2. Q Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3- CD Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a), 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

Invention group I: The inventions of claims 1-15, 107-120 relate to a 
liquid crystal display element which comprises an alignment film made of 
molecules having a photosensitive group and the pretilt angle is varied by 
applying polarized light to the molecules and a method for manufacturing the 
same . 



Invention group II: The inventions of claims 16-26 relate to a liquid 
crystal display element operated in a twisted nematic alignment mode and 
comprising, in the peripheral part of a pixel region, an in-plane electric 
field suppressing region where liquid crystal molecules are alignedat a pretilt 
angle greater than that in the inner part of the pixel region and relates 
to a method for manufacturing the same. 



1. EK] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee, 

3- C] As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. E^J No required additional search fees were timely paid by the applicant. Consequently, this international 
search report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

1X1 No protest accompanied the payment of additional search fees. 
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Invention group III: The inventions of claims 27-39 relate to a liquid 
crystal display element of in-plane switching type in which the pretilt angle 
of the liquid crystal molecules in a first region which is provided on an 
electrode and in which the alignment of the liquid crystal is controlled 
by the electric field component over the electrode is greater than the pretilt 
angle of the liquid crystal molecules in a second region which corresponds 
to the space between a pair of electrodes and in which the alignment of the 
liquid crystal is controlled by the in-plane electric field component and 
relates to a method for manufacturing the same. 

Invention group IV: The inventions of claims 40-51 relate to a liquid 
crystal display element comprising a transition nuclear producing region 
adapted for promoting the transition from the spray alignment to the bend 
alignment by applying a voltage to an electrode and formed of a high pretilt 
angle region and relates to a method for manufacturing the same. 

invention group V: The inventions of claims 52-71 relate to a liquid 
crystal display element comprising an alignment film made of molecules having 
a photosensitive group, in which the anchoring energy of the molecules is 
varied by applying polarized light to the molecules and relates to a method 
for manufacturing the same. 

Invention group VI: The inventions of claims 72-81 relate to a liquid 
crystal display element operated in a twisted nematic alignment mode and 
comprising, in the peripheral part of a pixel region, an in-plane electric 
field suppressing region where the anchoring energy of the liquid crystal 
molecules of the alignment film is greater than that in the inner part of 
the pixel region and relates to a method for manufacturing the same. 

Invention group VII: The inventions of claims 82-94 relate to a liquid 
crystal display element of in-plane switching type in which the anchoring 
energy of the liquid crystal molecules in a first region which is provided 
on an electrode and in which the alignment of the liquid crystal is controlled 
by the electric field component over the electrode is greater than the anchoring 
energy of the liquid crystal molecules in a second region which corresponds 
to the space between a pair of electrodes and in which the alignment of the 
liquid crystal is controlled by the in-plane electric field component and 
relates to a method for manufacturing the same. 

Invention group VIII: The inventions of claims 95-106 relate to a liquid 
crystal display element comprising a transition nuclear producing region 
adapted for promoting the transition from the spray alignment to the bend 
alignment by applying a voltage to an electrode and formed of a region where 
the anchoring energy of the liquid crystal molecules of the alignment film 
is great and relates to a method for manufacturing the same. 

Invention group IX: The inventions of claims 121-126 relate to a liquid 
crystal display element comprising an alignment film made of molecules having 
a photosensitive group, in which the contact angle is varied by applying 
polarized light to the molecules. 

Invention group X : The inventions of claims 127-141 relate to an optically 
anisotropic film having a region where at least two different alignment 
structures formed when a liquid crystal polymer is in a liquid crystal state 
are fixed, a method for manufacturing the same, and a liquid crystal display 
element comprising the film. 

These ten groups of inventions do not involve any common special technical 
features, and therefore the present application does not comply with 
requirement of unity of invention. 
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